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PREFACE 


Tue considerable experience gained by Miss Jepson in teaching School Certificate 
pupils and candidates for higher examinations, has prompted her te produce this 
book of illustrations. Her object has been, not to minimize or cut out much of the 
practical work, but rather to enable the student to derive the greatest benefit from a 
period in the laboratory, which is always too short in the average school curriculum, 
and usually so even in the University. In both Botany and Zoology the execution 
of practical work is often long and difficult, but the time taken can be cut down, and 
the value derived from the dissection or preparation increased enormously when the 
student, by the aid of a well-labelled drawing, can see what to look for. Miss Jep- 
son’s work collects together, in a convenient form, actual drawings of her own 
preparations, which are realistic and not diagrammatic. 

A criticism often levelled against the production of such drawings is that it 
provides the lazy pupil with something that can be copied, and the actual dissection 
maybe done not at all. This is admittedly so, but pupils of that level will always be 
with us, from the preparatory school up to the post-graduate. They cannot and 
should not be considered. In any case, these drawings of Miss Jepson’s, taken as 
they are from actual dissections, would be difficult to memorize. They are not 
diagrams which can be remembered easily in a perfectly unintelligent manner. 
They provide simple drawings which the good student can have by him when he is 
carrying out his practical work, and by their excellence, provide him with a clear-cut 
key to the structures and arrangements he is expected to find in his practical work. 
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reel from ike 

damad & 
bud: 


Adventiious roals 
at (бе node. 


3. Runners . 
е4. Slrawberry. 


Leaflets Runners differ from creepers ia 


fat the main ет Dears 
W@W 7 
= 


sede leases ir Me 


ах of which foliage 
leaves anse, 
ye 


Y 
е) O 


y D 
LY m A eine bud 
сн Seale ‘leaves. "22 " " (Red a иери 
Seale leaves PICS € Growl of fie runnw being 
marking the node Ne Ы a continutd by a lateral bud. 
of the slem ie моде. 


M.w.M.J. 


4 Offsets (short tunner.) A Er 5-е £4. 


eg. Houseleek 


ا ے 


\ 


а № 
LL Я 
Foliage leaf. Backwardly directed 
(comPouad ) I, briekles 


5. Suckers 
(Underqrourd vanes) srr 


#4. Yarrow ш 
Eee sukce T T У — fldoeuhiliove Tools 
Plater é ur jq fie 
Old sucker of E: E branch, бшед as 
їй ї Жу), iF comes ilo colnet 
reps шт Ме Scil. 
7 Broad or Winter bude - ғ.а. Род} 


Sats J] 


ARTIFICIAL PROPAGATION BULDING aad GRAFING. 


һаа а Сайа. shock Фот 
= UI = 
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т Fr 
Ifteisioq т сз 
the soek, EXC 
сй 
< bud « Сар) .. 
б ed d | ; zi х= i © essenkal ia J forms a, 
i ) | | SF 44 qaftuq and buddi 7 
6 сеегу = бер АН 3 соз ios | 4 hd te Теў [^ 
Buddég i атадан Dale ME G panem 
i û 15 Parlicul racked hú Сот wi 4. Cam 
@ tose, Beach aad Plum Y dtudhóq ERE TS ae thal of the sfoek. dg 


cat be grafted getar. ШАКЫЙ 


24 STORAGE OF FOOD MATERIAL 


1. STEMS a) Rhizomes 
: Solomons Seal. 
ins NT p.d siis H a =“ Lateral branch of Ke 


Thixome Gear left by fie amal 
ool of a Previous Year, 


| ш shoot 
۱ | developed trom the 
WA есета! bud. 


Lateral bud. . 
Hetil leat Scars a ay iben дуе ок Rooks 


„А а M O 


= “4 ed nuc 


continuing Ме. } A а. food material. бту 20 cl WM develobed 
aoe иг 2 / 
Advedlitious My 


Contraclile 2 
Yoo!’ 


= тар of 
Sand Sed ће vhizome by the 
Scale leaves bore- lateral bud. 


at the nodes. 
fe 


Kudinal Section 
ol a Cocus cove in 


Adveatifious кові 


WMT. 


RAdveatitious vool 


STORAGE OF FOOD MATERIAL (continued) 25 


к iN if STEMS c) Tubes. 
ES Wg My iii 
N 


Terminal bud 


whe as 


RX 
| ( o pare. E z 
NS \ da —- 
SAN Axillary bud 28 Seale leaf : 
2, 2 borne ia the. axil of Axil avy 
= a H he scale leaf. \ mese Artichoke 
LZIN X la Cyperus тозады M Bud fovmiag [73 
г (A Gre) Е enw ج‎ aerial shoot 


pm w is a Yen Tuber,‏ ا 
Моп. LITICE‏ 


: VN 


дү 
А 


Rhizome. 
Гета у ч 
а ап ^ E A CR ЙЕ R. Roots. 1 
regularly: i mon EN 7. а) Maia root System ~Tabroot 
E NS 4 {ша Сахкої a 
Sem oc luper. В \ / (отед) & 
b) Fibrous тос ayslem - Tuberous roofs | 

| Ce adi klia үш 
fecal \ || | Rooks swollen wilh \ | fecal shoot \ 

food зем. „6 In оње lalo Же 

Some Of бе adventitious 


оппа] tool 26/6 ‚ тоді which drow 


Сакүісд ow à дома from the бт 
<. A widergrourd Kem swell 
adsorplive ud and praduee Yoox Wes. 
{шос 


3. Leaves = Bulbs. 


Ynm ak Б fwicalio 
| т. { j* Adverkitious rook ! - пед 


26 FLOWER STRUCTURE. a) INFLORESCENCE. 


lnflovescerce . Arangement of the flowers upon fic stem. 
Solifary- а) Temiqal eg. ie b) Axillary eg. Yellow Каре. 


Combouad о) facemose -Monopodial bragchiag; Flowers оред from below, up wards 


Oldest flowex € hase 
b) Cymoee - SymPodial brageligg; flowers openag from above, dow wards 
Yourgest tower at бе base. 


a) RACEMES 1. Compourd Kaceme or її Gorymb. 
1 Sinple Raceme. omes. 7 
£4. Lupit 


Я simple raceme 
@ kiek бє 

1 lowe sfalks or 
Hee each 


_| pedicels are of 
1 £ axillary flower ducc. ВЕ leaqlks, so 
Ќе sim ^ bugging (ће flower 
raceme, ie hlace оч fo (бе same 

vas by бм taseme, тайа level ед. Condy tule, 
Tooltwoxt all TÍ the flowers ifie Compoucd stuck. eg. 
axe ward lo one side. Grasses, Yucca elc. А: 

ү Spike Ж : 

® їп Capitulum 


KAS 798642 


== 


а X Com bou d Umbel 
ү ©т le Umbel т. Еаат flower of the, simple 
mc! is replaced by о. 


A4" s “Sto ө-6 4 ha 


Stall Imbel. 
А telescoped 

На the flower- Spike - тач 

wq Porlioa J axs (© Compress 

Kg maa axis Bolk, wolueres £9. Members of Ihe 
as Cory is may бє preset e.g Members : а simple Natural Order 
leleseoped , So [kal the ос ady Ome | at е Noluxal тасете. a Compas е. 
buds F asise | from oae whorl. Order Це бес. ia a 

ak, forming оч | kwoluere. : 
pio de c CIT о E 

1 
сү o; M tae aed icasium 
oxqocQuasim. ( 0 t Cre) 
(Simple. Gee) f - 


5 |q thus case 


Hexe. Ше fe {окса braackes ^ 
{ооа braadies > are Dome oq E 
come off aleae sides 3 
{оз the of the Parent 

t Ears 1 бет. eq. wis 

pep kt codkast | fo the Sinple 

Slem , c.q. : 
Сте - |pawed branches 
Buttercup are. bore Я бе паке ; 


опа left fof te maq axis. 
Iq each case, the small numbers dica. бе orde of e B e 


FLOWER STRUCTURE - b) RECEPTACLE 27 
1аа‹аттаће. _ Longiludiqal Seckions. 


Receptacle {lat 
; Ovary Superior Flower h ous; реу E 


Corolla of рд. 


Andiceciuat of slamecs 


Gyraeceum of Carpde. (or pistil) 


Receptacle Very Concave. ; Ќесеріасје. so сое ыз Ф meele 

lowex Pexiqyzous, Ovary Superior. cies he Top, <nclosiag Ке ova. 

Howes Peidyqous Flower aous. Q y ifi ior 
E = маху ЕКО 
хате Rose 0 Apple 


he Ovary is Subexior т hypogyqous and Deriqyous fi lowers. 


‘The Ovary is iafevioe i al  ghiqyqous flowers. 
MN. MT 


2 FLOWER. STRUCTURE © OVARY AND PLACENTATION 
Ovary. 1 Яроса‹роџе (capels хот aher) Exampks:- 
y 2 is (а Түр ш: == of р Colkehoq of Dupes 
f Na $ серне Jone loge er) ; 
ау Loculax capel folded before fi adjaceat sides fuse) 
b) Uqilocular (edges of adjacect сатре fuse) 
чао ey Loculax ovaries - Placectatiog ах. Y 
ko formal "iloeulax $ed 
а =. mc act acm ar 
Иза C Wee each car is folded 


Yar 


along `& midrib befor fusi б DA 
росе сја he Caspel folded Wilt ie corespondi she Bluc hell ele 
is midtib—- d the adjacent carpels, so _ 


carry icq (бе. placerlas io 
the сеце е.а. Вибо ek. 


ir 

i 
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2 


Uniloculary ovaries - Ёїасесойот 
te- Cedral. 


Transverse. secliod of Ме 
vary. Zq. 


ovary. 29. Bluebell ele. 


Urilocular ovaries - Placeatatioq parietal 
e Udloeulay ansverse Seelioq 


Vransverse. сес[оа of a 
Uniloculax Multtcarpellar 
SG. "m 


| fase edge [o edge, 
| RR A сках ў 
acelas lie. Here е. d - 
Оос ke май Project Arg info tie 


menor of the ovary. 


> / Formaliog of False Sepha. 
Relatively la 4 he development of fe ovary ajalse Seplum or eplum arises.— e.g. 


Cuci Labial. a«d Boraqiqacess 
ka ns bicarPellary urtiloculay avary Decomes ^ 
iloeulax byte ee alse Seplum 2:2 
— M Ed С) 


S 
S 


| KLN бака either a silteula or 


е М Here the bicar ide Viloeu! ax ovary becomes 
M.W. M.T Y б Hoe бє formato фа false seblum, Ке 


“cq o Schizocarp of four Ош». 


FLOWER STRUCTURE d) fien ND STAMENS 2o. 


Vroue Ыра d Onde — fe vanaloc бет u 
а $ 


" s 2 
ee wv д the «al axis of Ќе quecles, is 
mbeo. вао АЁ а died conbiquahiog d lhe басе , (or whe 

C LO fue , chalaxa aad meoPyle are iq 
one баі he) 


Chalaxa. , 
Md weguaele 


Embryo-sac. phy 
inner «queer chalaxa , so fal the ovule is 
Оше кедип, Deak back aloag ls stak (ox 


(ole lube епкаад Weed te mexopyl 
ffe mucropyle.. lo i Blasen] P 


Seed stalk ot 3 
{атс - D ulko Dous 
Receptacle 0 hec lke loagitudiqal axis of lke ovuk 
€cep 
Microbe $ ak tighkangles lo the фас (ос 
Ialequmenis lohar he chalaxa and Sarl s 
( are n alc ok vighlargles b the 
бүүо- sac. Plane, =ч.) 
tuck dtequnents 
Comb lolobous =a 
1 fag: $ 22. Ide aue els Whee the ovule is ирот т Nucellus 
apparalus Ron KS cropyle. sef аха not upon the stalk so NN I Embryo: sac. 
кешер: that fe micropyle, aza Оорук. 
ода fariele are close gees. | 
Niagara a 
Acdroeciune of —Sfame«e 
децес Developmeck of the pole qat (Mecoepore) 


4 OW опе 
jade ody. (дш slameq 1. foloplasq 


UR iagrammalic. Kansverse «скос 
e lex la, Slowa ETT of one side only. 
sac ^ ET DS Gm сагаш 
f (ostexiov «0 ? ШШ 
sac.. Wa SX o 4 
e A E Y 
bur e Y оодо oy 
Vasalile Sana ШУ 
. айка, ПУ еко 
пак аске < 
fo te A 
d Kat NJ SI 
fi oe dum ©. e : 2° ay Маке. Poller grains 
балад as of ДДД» 7 ИД US 
dtd. Epidermis 


коње dehiscence - Шет the posterior Polea sacs face the Суадгсел. 
Exlrorse dehiscence, - totter the anterior Poller sacs face ihe Gynacceum. 


xo LEPUS CUNICULUS ORGANS N SITU. 


DISSECTION. 
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LEPUS CUNICULUS - DISSECTION To EXPOSE THE ALIMENTARY CANAL. X. 


А 
7 کر‎ 


Ew. ZZ ——Vibrisse. or whiskers 
NK — 106016 


Musculax 


Torque 


Laryax 
c: 
RN MOPS, lace 
Trachea or SSSA, А 
SS SW СЕ 


wiad pipe eu f. 
Right {шс 7 a U -shaped | 
Duodenum or first 


fulmonary artery pat of Me small 


, . fesi 
Right Veetnele. 4 | s 
; Y, fanereatic duck 
Left Auriele A A ae the distal едат 
/ of Ihe duodeaum 


Left И тс \ about Wee inches 


Lungs (moved _ beyond te bend 
over fo Me night eide) Rios Support tg fie 
Mesentery. thoracic. 

мє - lobed Deke be 
ie Cardiac «па of the stomach 


Bile- duct (about 3 


Riches he aad 


кке tad of Кє 


битта inl 5 em mach 
Duodenum , abo Е orsal Ror 
4j o of аа indi beyond, p us 
te pylorus) Dea 

Left капе 
Gall. bladd с Y 
bu pem @ 2 Sacculus voturdus 


Сеўка| lobe of the Liver. Bi е0 fesmiaaling the leun. 


Seal tee c :» ШУ Sl {© T " pe. Rari thee Па 
or 8 feet | (SSS жей 7, ze : PN STA 2 LA of e alimentax 
PIS “a с RW 7 TET PIC. i y) одо pb n ) 
FA leagth. and one iach 


а orf fret Bart us A N Y a diameley, lernicatieng 
large. гре В EI а (fe 
| ү laf 


Vermiform appendix. 


Rectum ос [астас] hart zz 


4. large еј a A EE 

is about T. ld Т P С т 

iq ктай. "ale 
Нед lib 
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32. LEPUS CUNICULUS - DISSECTION TO SHOW THE IRCULATORY SYSTEM 
Pat d i Alimentary canal has beeq т 


Ratenor facial vein : MAN: Left carotid artery 
белок facial vei j \ N 
forelimb AX 


— 


ë AD : 


leid Адаг vost 


Innominale artery 


ү Left Subclaviac artery 
Left Subdaviaq vei 


Exterrtal Jugular veit 


Subelavaa vem 


Right Auriele. — Aorlie arch 

j M icd скос Vera caw 
М 2) t eodd ' 
Right  Vediacle left Auriel 


left Veakvicle. 
Left Lung cut 6 ehow 

the Pulmonary Veig. 
Dorsal Aorta 


fostexior Veta Cava 
(fost caval) 


Cut «лд of the Ossophaqus 
Cut Surface of the Liver. 


fo show Йе. Ribs 
h abe Diaphragm. 
Hepalic B. e aac Artery 
мыр portal н о) Нерайс. arlery 
apalie portal wur b) Чепо-да$ис. artery 


Splenic artery 
]— Spleec. 
Мете veir 
Supta venal body. 


AY Renal artery, 
N i Renal үет : 


pS 


; » t F Or o à | NAN left Kidney cul fo show the 
a pat of AEE БС a ү, À ліку of ihe Renal artery acd 
on lbi: 2 ; a | г, / / | ) | A 277 == E Ye? 
Mesentexy 02 A чах ЖШ SS OD t ovary 
сля RED 9 \ PST e SF M Left. Oviduck 
fostevior Vena Cava. 3 


(fosteaval) 


Hzd limb 


Common Iliac artery 


laterna! Iliac veig Bladder. 
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LEPUS CUNICULUS - DIGESTIVE SYSTEM. 33. 


M ad loa tudi al sech One use m: x 
fs > | lobe A 
of fe Head = T am foe ка ЕЙ 
€fimoidal AF = Ex. 


лај 7 
Palatine. 


Maxillary 
kabinals 


8 с x Е 
Tema: 1 Re 22 


he 
Upper Ineisoxe XQ 


Tongue 


а KAF 


Ot us ox gullet. 
Sub - “ingle ane peo 3 


patie! + bs NY NC Tfachea or windpipe 
Sub- maxillary lan or 
Salivary gland. WM bos. 
ALIMENTARY CANAL. he Sto с «ө Galic jui ro cle ps contaiciag 
киы р), ( Ker which converte colloid proteine ite soluble Deblonce 
оос. spices | Oteophadué. ; EL = Be 
У A Pe TM Slomact | (ii) деи aci 


(ш) Reng which coagulales milk and Droles general 
т йы к шылды Ч 


juice or Succus \ Wow mn 

KES > es Nypsinogert‏ ا 
“ыны үсү combleles digestion of protes міо amo- acids‏ 
ой which complek ib уба,‏ 


да бє Bile duck 
€ uodecum 


Bis i Doduxd by Ah, gee 
& Liver. It 15 alkaline \Д 


and neultalses the 0 5 


et Ke chyme/, Veretifoven, 
tally Sins |» / jeg 5 peat 
. b 7 : if A 1 
nd ad ر‎ ; н F "едк of the 
y fis V l ox fancreas. | бей пее [ 
Wo the ZI Opening $ he — | { ak ‘ie bat sever lo 
inlesline/ 7 lS ралоед duct (F 58 “eight feet. This is 
Fialo th : ; БТ 3 VE. area, d * (59 
fügcreaür juice contains > зой, € "^ beng lined by villi ГЕ. ri 
lfypeinogen whieh оп achvakeq Ye converted е A ile aa Td 


into уре and acs ubon proteins. dau 
üh Amylase. Gein whick cane wes A (mall ilestine) c ' Bacteria which 
тб: X aet ороп the cellulose. 


(раве. РУ) vim breaks dowa даф no \ к Yea he ае 


ОЌ acide aad Glyceral. 


у NS. d, b it do 
ULL, NN, fee екан 1. down 
© Col T Q2) ONE ^ Y E (цә Yeasod the 
& — Colo (Nose. Os: А", дас yoluadus Сос. te lage. it 
=; is hee DS D heo din SUMA 
Ed apleg 
2 2:08 vet ny ere af ш 
DP PINTAN 
2, SP к, 
d mucous - sedg ng which ےد ر‎ N oe A р et- like 
ie he colon lubricate the ou (Anus. f M.w.M.1. 


and 30 {оса . the sage 
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54 STRUCTURE OF THE MAMMALIAN HEART. 


Opeaiaas vessels (o the Heart. 
HEART OF SHEEP (Val surface.) 


Каш Runde - 3 eniqas of the eae fron. ¢ 


\ c hd the 
et cme 4 Toke ach. : Left Ausiele - ful sy Yen from ie ral 
Right subclaviag — lek subclavian. | EL Due р | 


P—Pulmonasy arteries 


Anterior \ [carrying deoxygenated 
«rie Сауд. | {ют the right Vealvicle 
(opening аф lo the lunge. 
| ide tight 1 
Б Pulmonary Vets CIRCULATION 


Cat vwd Oxygen 
Med ho Же luags fo the 


eft auxiele- 


flk vealuele which ques 
/ мее b the Aortic arek. 


Lf > &acaxdiom 
TE \ ZA Valves quaxdaq the apeclwes. 
Rencardiv ў ж E 
, git ащісцо- Veatyieular Dile Теше valves. 
' Dorsal Aorla s left ашїешо- ventricular apex xe - Ea ox 
i 3 al Valves. 
Pilnonary artery from the riait veniide — 
| 5 Semi - lunar Valves. 
flota. from the left veele – З semu-lucax valves 


SHEEPS HEART (Didsected from the veakal side) 


‚Ёш Vena cava отта. 
Opening of the Vins Na. ҸӰ. Alora fom the left venhicle. 
| “о the right Qux > 
| . : fulmonasy arteries from Ke 
| Каке aude taht venkiele. [о the luags 
| hia wall of the А i " 
| “ЧАС ошее——7,2Д\\ < iuimonary veins from the 
| „осаде fom the A “Sill ty lwg lo * kft aucele 
ight auxcle. ia 


the right Yealkuele. 

Bo ow valves 

quardiag fhe opea: 

from the wight redd 

tao the Pulmonary 
ай 


ЈЕ Opening of the fulmonary vein itb the 
ИССЫК Асе c 
K~Awiculo - ventiveulax  opering 


Opening of the left ventricle info the Aorta. 


Mikal ос bicuspid valves (guarding the о ering belweert 
the left auricle and the Ф vealiiele,) 
Chordae lenditoe. 


Cally of the left verkel. 


Thick wal of the left venkicle (thicker thar that of the 
right ventwele.) 


| 


"ffieuspid valvés 
Guaxiliag бе opening | 
гук, hea 
Auride and the right 

Veaticle) 


Ciy ke 


MW. M.T. 
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LEPUS CUNICULUS = ARTERIAL SYSTEM - (Маа! view) 35. 
j lsfr lateral Covohd to the brait 


Á 
\ Left Беца) Carotid fo te side of the head and face. 
Rigt Commot Carokd абу — — let Common Carolid artery. 
Iacomalt 


fodit. arch arising from fi dorsal surface. of the left Уебб. 
y sft Vertebral fo fe рш сой and в brain 

Left Infernal Mammary lo the мелш! wall of tke thorax. 
OS S Brac arteries lo the forelimb 
left Fulmoctary artery. 

—fulmaonasy Veit ope ido the left aurick. 


Right Subclaviat аә 

Right калок аү ү 
Carita deoxygecaled 
blood from the right 
verlyicle fo the lungs 


Д 


Right Aude 
Origa of the ` А 3 Dorsal flat. 
fulmiorcary Ах from ; 8 — Left D 
K тат K м z a ; { А ? 
D x i мете = We =— left Verlicle, from which tHe Rode. ack 
Right Nextel: Vr i in oxiq«cake . 
i ue 


ldexeoefal astecies ———— À— » 


arising hom the dorsal surface ? 1 
a \ 


he Aora and supplyicg ( >” i 
i. nos and iatexeoslal muscles J (* ѓ N- т 


Hepatic aste«- 
Branches of the fo the Liver | 
Coeliac arlery Lieno- давке. айу 
lo the stomach acd 
Spleerz. 
Media Coeliac. aey 
ansing front the Кепка] Surface 


d We dorsal fora. — 
Right Suprarenal body —— T 7 
Right Renal artery + E 

Right Kidney Ж Ў 


ап Aateror Mesecteic акку 

divides (o numerous branches 

ма Ке mesecteyy, which Supply 
Tum, Parcas, Smal 

; miesie, Caecum and color. 


E 
к ا‎ i 
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m brarek ы the museleg 1 he 
back, Supplies le kidney, 


Spermalie (ov Ovaxia«c) qi) 
supplying Ke. male (ox feral) 
qewale. Orgars ™ 


2 
wae + 


C кай та Posterior Mesentetie axlery Supply «aq 
yu Ќе родео pat of Ме redar. 
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Mediar S МЫ 

per à fo е tal. E^ 

1% Common Vac. 

clet femoral обе] fo the. hed kab. 
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N.W. M.T. 
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| uns oulwards along the bos anor 
| fat fie dorsal wall of е седнав 

i Vesical atey b ke 


adder, abdorer and, 


к ke female. fo the uerus 
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36 LEPUS CUNICULUS - VENOUS system. (Vea мем). 
Right Бою facial — left 
wa Facials relwiiag blood from the face and gars, 


Right Anterior facial | ёе; 
Right External Jugular | Left кеса Jugulax fron ke brag 
drca tr БЕШ БҮЛҮ УУ 


À | left Gubeleva from te forelimb ond should. 
Right Incteraal voeem kkal Mammary from ft vealral Morac Wall. 
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showing the д of e 4 
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om the aenor 4 o © 1 
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Pulmonary me. 
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Phrenic veins yes the 
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йере үен "M "Re дафа 
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Liver —— o 2 ae a 
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ре oe СИ ^ Же small «еіс, 
blood from all pari caecus, Colo ard 
of f. alienentary c canal. fe fe. astewor Veca Cava. Wy 


Ratt ау m Suprarercal ы\ 
Right Reaal үес : 
Ike the left comes fom 7 
Re Kidney, and tecewes 77 
asmall branck {rom the etal 
body, and a larges one from the 
dorsal wail of the abdomen. 


pach Mesenterie. from 
fi ferminal үн qr 
٤ telun. fie Y 


Fairy Qvariac (ov aped 4 
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ah food 
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x. 
|, CHRYSALIS OR PUPA. | 
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Mammals (Circulatory system of), 34 
» (Dispersal of fruits by), 7 
” Ear of, 38 
^» Буе, dissection of, 39 
» Eye of, 39 
» Heart of, 34 
Monopodia, 17 
Musca Domestica (see House fly) 
Mustard seed (germination of), 14 


Offsets, 23 

Onion Seed (Structure and germination of), 15 
Ovary, 28, 29 

Ovis aires (Skull and dentition), 47 


Pea seed (Structure and germination of), 11 
Petiolate climbers, 20 

Pieris Brassica (see Cabbage White Butterfly) 
Pinus seed (Structure and germination of), 14 
Placentation, 28 

Prickles, 20 

Propulsive mechanism (Dispersal by), 9 


Rabbit (see Lepus) 
Racemes, 26 

Receptacle, 27 
Rhizomes, 24 

Rodents (Dispersal by), 8 
Runners, 22 


Seeds (Germination of), 10, 11, 12, 13, 14, 15, 16 
» (Structure of), 10, 11, 12, 13, 14, 15, 16 


Sheep (see Ovis) 
Skull of Canis (Dog), 46 

» of Felis (Cat), 48 

» of Lepus (Rabbit), 45 

» Of Ovis (Sheep), 47 
Stem twiners, 20 
Storage of Food Material, 24-5 
in. Leaves (Bulbs), 25 
in Roots, 25 
in Stems, Corms, 24 
in Stems, Rhizomes, 24 
si in Stems, Tubers, 25 
Suckers, 23 
Sunflower seed (Structure and germination of), 13 
Sycamore seed (Germination of), 14 
Sympodia, 18 


Tendrils, 21 


Tubers, 25 
Vegetable Marrow (Seed structure and germina- 
tion), 14 
Vegetable Propagation or Reproduction, 22, 23 
p. 5 by Brood buds, 23 
» „ by Bulbils and Gemmz, 22 
A x by Creepers, 22 
" ET by Offsets, 23 
35 у by Runners, 22 
= » : by Suckers, 23 


Water (Dispersal of fruits and seeds by), 5 


Printed and Bound in Hong Kong by Wing King Tong Co. Ltd. 
and published by John Murray (Publishers), Ltd. 


BIOLOGICAL DRAWINGS 


WITH NOTES 


By MAUD JEPSON, M.Sc. (Manchester) 


(First Class Honours in Zoology) 


With a Preface by 


Н. GRAHAM CANNON, M.A., Sc.D., F.R.S. 
Formerly Professor of Zoology, The University, Manchester 


PART II 


LONDON 
JOHN MURRAY, ALBEMARLE STREET, W. 


To THE Memory OF My MOTHER 
EMILYNE MAUD JEPSON 


All rights reserved. No part of this 
publication may be reproduced, stored in 
a retrieval system, or transmitted, in any 
form or by any means, electronic, mechanical, 
photocopying, recording or otherwise, 

without the prior permission of 

John Murray (Publishers) Ltd 
50 Albemarle Street, London, W1X 4BD 


First Edition 1938 
Twenty-nineth impression 1982 


© 7195 0727 8 


PREFACE 


Tue considerable experience gained by Miss Jepson in teaching School Certificate 
pupils and candidates for higher examinations, has prompted her to produce this 
book of illustrations. Her object has been, not to minimize or cut out much of the 
practical work, but rather to enable the student to derive the greatest benefit from a 
period in-the laboratory, which is always too short in the average school curriculum, 
and usually so even in the University. In both Botany and Zoology the execution 
of practical work is often long and difficult, but the time taken can be cut down, and 
the value derived from the dissection or preparation increased enormously when the 
student, by the aid of a well-labelled drawing, can see what to look for. Miss Jep- 
son’s work collects together, in a convenient form, actual drawings of her own 
preparations, which are realistic and not diagrammatic. 

A criticism often levelled against the production of such drawings is that it 
provides the lazy pupil with something that can be copied, and the actual dissection 
maybe done not at all. This is admittedly so, but pupils of that level will always be 


with us, from the preparatory school up to the post-graduate. They cannot and 


should not be considered. In any case, these drawings of Miss Jepson’s, taken as 
they are from actual dissections, would be difficult to memorize. They are not 
diagrams which can be remembered easily in a perfectly unintelligent manner. 
They provide simple drawings which the good student can have by him when he is 
carrying out his practical work, and by their excellence, provide him with a clear-cut 
key to the structures and arrangements he is expected to find in his practical work. 


H. GRAHAM CANNON. 
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ENTOMOPHILY - INSECT POLLINATION. l. 
Ollicatitq | 
fom Ihe pot of view of робдайот, the clase[icakoq f sects, is based 
upon бе leng of the  Suekwq longue or Droboecie 
Moks aad Butterflies have а very long Droüoseis, go fat fey rarely alight onthe flower, while 
екта tedar . The flowers have to аід ад plat (orm ad 
Me tsse«hal orgacs Prolrude. 
Molis axe aught - Лук aqd am alfrackkd paticulary by yellow flowers, lately 
usually exu. а slong Perfume at qid. eg. Honeysuckle , Creag Rimrose ele. 
Dultérflies most frequertly wait red ond while flows. е.а. Как 


Bees. and Wasps Ком. a fairly long proboscis , ore relatively heavy iseci, and 
Hierefore always alight ос lo the flower. The latter is provided 


wil aq акса Бае. 
Bees abpear lo be particularly {ord of blue flowers.2g. Moukskood 
Wasps have a preference for bronze, Colours . e.g. figo: 


Flies These kave o very Short Proboscis, ard visit large per flows , small 
(фах flowers , as well as maty сара, corymbs and bet bels . 
They are. alaefed by dirly Colour and [oed odour eg. Hemlock , while 
Some flowers are especially adapled for polliqatioa by fies ®ф Wild fum. 


Reetles these иесі do «ot possess o proboscis, but visit open flowers, capitula ee. 
Probably theetaq Dolqakeq ducaq Кес Warderiags . eg. Sunflower. 
BEE. Head - Side view Gee kod- бей. gen. 
MOTH. Head. Коа view | Roboscis folded back 2 E. 


xkex and Haswell. 
"А 


¥ 


afler 
eo" 


М 


Labial - front view 
4 аы EE. е: е folded back. 
UG — mom 
Conposad — ZANE N ° FS 
Wwe AM AN t Antenda. 
Roboscis A № Jj S X 
EON Mandible 


ү 


BUTTERFLY, 


FLY. Head - Side. мем 
Head - Side View Ü 


: PASA J 
Reboseis coiled Я "p 
бесек Ке Head. d 
Eye (com pouad) 
froboscis (€ ftoboscie 


i Jl _Proboseis bad. M.W. м1. 


- INSECT POLLINATION = SPECIAL ADAPTATIONS 
A general Survey of entomophilous flowers wdicoke fat as the skucluc d fhe 
ү becomes mae etlabowk iq adabtahior lo Polliqaliorr by some particular agent, 
€ mo carat is fie Dolqahag Process. | 

Оа ќе oe hord, Such. flowers are (ае wd regard [о “choice” of insect 
visilows, while the less modified ода oped flowers suck as Tose ate likely b 
(x polligaled by any one d fie usual abe. 
LIURCEFE - Yucca APRIFOLIACEFE HONEYSUCKLE 
а: Ahi is Polltaled by the Y M h. каа е long- fonqued 
oe dicat te re ‚ж hom flowex EN AA ‹ бы aie molt. Mi: 
2 Qafte«g Polka acd vol«q + «а (|| | ; he buds axe txech, acd fist 
kuge bal. Fialy, she lays ker sags | 1. / 


opa al night. They qrad 
À Meas the i ойый 
ака досе f. EN. -horizontal Posto 
4 ont lo бє sla«a <р : ANS FA It is Protandrous aad а 
d the same fowex, i LY M8" fe male slags бе 
фхевексд Y му PA : flower is Bale , but « the lde 
' fie Б. эч. female slage the colour dechers. 
| А ae / нА À 
| ope aput d out \ Чие EY Honeysuckle - Cu loagiliudiqally | 
ios (he, Юесан5 on he one kaad 
{саноа of fie ovules (5 calar, and 
on the ойе, ample food is Provided for the 
developing lasvae. 


AMARYLLIDACEFE - DAFFODIL. 


Stameas wilt 
versalile. aalies. 


fiar leaves. 


у. > e — “he Daffodil has а large 
» Corowa Whick ie an 
! Û cutqrowilt [от te 
/ ^ - 
Р 


ег J Foz, Corona - tabular 
Ovaty, JLA akgowt Гоч 
\ AZ 2 the река 
Periant . Neclar is é 
Мена “sealed by qlaads ia 
bad tie bp of fe septa of fe о | 


е. neclax is пої stole by small iqsects € stamet. 
because Key ow effectively ES 

by the filaments of бє stamens 

Ths flower © bolliaaled by the 


Hurable . { wheeas he closely 
ү kd Pheasock-< AASSUS 


Exfesgal fealues 


INSECT  POLLINATIO - — ADAPTATIONS. 3 
PRIMULACEFE - PRIMROSE 
Here fwo йч te d flowers aw 
Produced. fie 
Le =e 


 secieled arouqd dr Soy ovary 
Corolla lube Tee larger poleg qraigs , teceived from the бош. 
Epipelalous бокса Grd by ke Base of fe proboscis, will be ob о 
Gamosepalous Coly- E kud for ебад fie роо of fe 


Ovary жй ^ 
кй 


LEGUMINOSFE .- SWEET PER 


Exteqal_fealures d А худо офіс | petaytous flower роса by h 
Relesior Petal AN Wille the Keel are fe tseerlial одате, coqsish 


of susroucded 
aad ard mt ^, ; c 


N 
\ 


lakxal 
Was | 
ы 1) Calyx of 
Tuo anterior pedals | Sepals. 
vied (о foe 


fhe Keel, which 
Coalaics ke Keel 


«wal orga. Зака Уа 
А ас Corola she TM. m 
sd A \ «1 te. eposie L aqd 
Бае К у 5 Shams , GAS uo Lx: Ф, ‘ope frak 
Siad A { ~ — >=” jak Sudd ly, but 
Hever Jud fo мба te Keel. 


к ke bolea flower of Broom , бе slameds ate eatial Oxga«s. 
1 a teat lane jotted by their {ilamen|s) fssealal T 

No neelas о Produced, So kal fe (омех is Visiled by Ñ g 

fee. insect Solly for le poler. n 

thee are five short and five loag stamens. 2 


The short ones d 
polka oq tte сесі wider <> 


whese t seves os 


was Surface. E BAZ 

Flexor belals Joned tee longe Siames deposit 222 
along - { Slameq Kohe formed 
fie oer е mid the ш бг by nice d a ue 


Масе [5 fora е 
КОКАН 


Фес shamed fice ke 


төейот of the mds Proboses. 


4 INSECT POLLINATION - SPECIAL ADAPTATIONS. 
LABIATFE - Rataadious (stamens репа first) à 


Provided wilt а ооа formed from the K 
“чо posterior m Posterior «fale, eiue Ке Iree ок -—€ 
md а хоо als pr fte окса ра от. 

е, tWelalous stamens are did тащ 


Anther 


Bilobed shana Qyrobasie (ахад from tie base of е 
filaments of tke L— Medlar 1s Cin Dy a dise Ret 
оланан т Mte. base of fi ovary 
abs x р NM = le probueq fox nedar , the сесі 
ея fee Ve зү | bef. x Ке esseclial organs 

T i oq NS Dack. 
Corolla tube. q leke male sage the Sigara lobes а 


Ns ( ed пуле, D i p lakx female 

ТЕ \ Ss , " К 

сь 
Хе 9 اق چو‎ p — 


Gamosebalous calyx 
enr Gynobasie style= 


A al 
SCROPHULARIACEEE . GARDEN SAGE /^ Уа jen 
SNAPDRAGON. блесок bul wit A нрав, 7 Э Festile lobe of ie 
The corolla tube of this zygo- Hood. Stamens. Lack Slamen /// “Shamed 
morphic flower is closed : has along Concective | Conceclive. 
by аа upgrowth фот C huck. like leq Ike 5 acd Ё Slide. lobe. of Кё 
te lower lip. eS upgowti fede ахих lobes. ff f- ча 3 
(Rexsoaale corolla ae fe. “The bee рохд ans ч e 
Fis l 2 5 ЗФ очех lip. for needa Comes ab f 
leurs 2 d Corolla fube confact wilt tHe, рок. 
Such asec ^ {у * Stade lobe , and à 
as Humble. = shat. brags the ferik Gyro basic. style. 
"est OF E Cut longitudinally fabs, “cat: AS Bicaxbellary quadyilocular 
2 female slage fie sligua рет 
ха stanecs iM = Projects lo а marked / / еі 
dyirarous , Dub мак. Я Sesophulataceous flower whick 
Se aie fe a кае. E Ss oe ue fe 
blocdlar ond there. u lang dico x J 


is а kmigal she tee 
anterior side of Cotolla 
lube 5 swole« fo store decla RES 
The couskuchod of the tube 
6 responsible for tee fadt 

hat the sligmas and antes 
more «t quick guecessiog 

agaist lke Бокай agent. 


NR 
братом 
the lower ie 


. p= : 
(buck сойыс. neclar. 


f FIGWORT. are prevented from паа by tte [ice kass. tis ror 
Female stage (Drawings much erclarqed) Male sage Mis acct thal the drug 


POM A Scvophulariaceous flower whick 1 4 - 
Proloqyrous. (Gs«aeeeuea кред бе 4) da Я 
q eave Е ug 
E \ 
J 


fostexrar pelals 


Sfa«utode 
(бейе зака) 


The esseafial organs occu 
posikons aqaist Ite lower lip 47 = 
i a oer Mi) fa SA 
EW kc hee fols, eaae. the ¥ 

“shana comes «lo contac vil E = 
ucd«x Surface, 


= ыз While т te loer male 


cS fhe Sigua Cikas, axd ie 


Ripe or malae 


Sametas 


Wikered sigma 


Immaluce a Za Ке dia ا یا‎ 
M js Pm sing а јак роба & = Corolla lube 
aas os Dole Wash: 
pe or e olea oa asps Uakal surface, tm Р, 


INSECT POLLINATION = SPECIAL 
RBNUNCULRCERE. | 
> Cut longitudinally 


ADAPTATIONS. 5 


SA, Мойше (stamens pea feet) 

Ва кедах hypoqynous flowex wifi {ive 
Coloured sepals. fe fwo posl«iov риш 
ae modified as «doceo , while ke 
ree апр [Маз ак reduced fo 

Seales. 

Whea Ke bee alighls fo qet nectar, the 
Жатепә bush ils under surface . In he 
later female siage the stamens col back 

add Sliqetas ae posed. 

Kis fom fus plant that the poisorous 
alkaloid - сосе is обаа 


Gide view! 


flateiox зера. 
Anteriox pxlale teduced: 
fo scales. 


Ы Сас (Pqukaio) 


otardi ous D Spuwed Petals 


\ c) Larkspur (Delpugua) 

frotagdrous . 
An regular flower wilh five 
coloured sepals; the posterior sepal 
Deng Spurred and costae the 
Iwo nedar- есента Spurs of ќе 
мо posterar petals. 


the seeds are poisonous 


б v. 4 f pue ber ч Membraneous spur 
Cuk lorrgitiudiaally qs 


^ р; ) posterior sepal. 


Ane fs i; sepale жө. el | poo pena pistil Honey - беске spur y^ 


ahl ) (follicles) of fie postenor pelal 247^ 7" j 
rkik. ke five. Co tip Ф l мае nomber 
i. m to © ] к 
oduce teclas. SA А 
The cenltal slamens P : flpocaxpous pad 
SE ad (= ‚ \ Ovules. follicles 
OTM д Calluna : 
« fo whick (фе. oce. | 
diras tee ie 0а. v Spurred рф 
\\та[ oq. {й Coloured sepals: 
VIOLACEE - VIOLA Кей. отша, баеса 
Font tew. ans | Й ; 
) = i | of бе iregular (zygomoxphic 
бөздү peral he a rek. NS fora a «рш, Wt 


kick Me neclar- seeveticg projectors 
A ef the Ме antenor stamens le- 


Y pias ака 
The signa 15 ovided will a li 
j^ haad yee ihe base. of 
А dake | WK Ais the i probes for 
ey quid dar b allen * d epożikd ido 
; $ f 
Mesa \ fie БЕ from ќе. ет 
(Айар Oa адамта, Wilh а freak С 
Ваа), N Met fc id closed and 
i pis робот te река. 


6 INSECT POLLINATION - SPECIAL ADAPTATIONS. 


ORCHIDACEFE - ORCHID. Side view 


Ake flower is twisted холд half о cide. thee 
je only one Stomen сод5і аа of [wo A 
polita whack kewalik «t sheky 

wO Чже and ak Silualed до Douckt A 
Essential ою, ' NY overltangieg Me aberlue wo the < 


front. view 
Ou ankenor periant leaf. 


dic Мы) \ ond асве tie 
poca lea = tics of ке spur, ќе 24° © Intex Postenar 
| a WK er). j баа Ba \ | penanti leaf 
lanex Posterior OAS HERS, SSD detacke оча а “ери. t e 4 9v 
ржюай leaf oc K 7—7 EAR УМ tick b the sels ед aor EA Sate’ абаа 
Labellu - Sl tead «o vertical gp TN 
' Eseedlial Orga«s of Orchid. 


OE bosls«. Rac pollidion ў 
ALY бес Passes rough ar! 4 

a [e 3 of до, $0 rat whea / M Contteclive. folitodium. 
Ke коес аак, Ке AN ` zo j 


Rology«oue (Rell ipere first) 

Small flies are 
attfacled by tHe 
| |\ colouxed spadix, 
£ || erd adoux, ard 
4 declar Produced li 
by the base of the | Bf 


\axis. They crawl 


i Ќе male 


COMPOSIT FE. 
slage, Iie lose 
samens shed fei 


Ray or gulak ES 
Female but Sede. 
pola on fo the Ska 


ако, whick brusk t up from 
ће lube as the styl. cloregalés. 
Tubular lore! (male stags) 

7 Cur long tu Аму 


pollizalio« of the 
the feale flowers 


kaks do nol kd | Ё 
Wilke uati he eile Коке Ui wl if. ж» en 
h р \ Naked mak, ys Calyx hare) \ Epipelalous (тоге. 
50 That wher | flowers of POR (Pappus of haws) WNIK Syagenesious 
the їое A Ке oy more | «feto Ovary. \ ате: 
axe able (о stamens i \ bid shige 
of make the } shat ba 
ов. coves Sac Ue) 
E ° 1 ч M 
j tesh dose of Poller. Dise o Kabul ox flor ef 27 Sh үе 
the scarlet Dukes аф Very шї. +0 ыпыр} ГА inferior ovary, 
" | Basal ovde. 


In the Female slage 


Ray ox ligulate f Y ie skle фо Р Sid віца 
ine ае ard Vh wee ae ze ha | 
feaale buk A fd sláma, we 
Sede. С Which opens 

N 


] exposes lé lobes lo the | 
jj Пе insect чөй. 
€q. fly. 


Disc. or fubulax оі ДАИМ 


Should cross · bollakoq fail, the sh 
lobes cwl back rc ps kars, Б: 1 
Coming (о contact wilh бё Poller of li same ~ 
flower , 5o that sell: pollination fakes place. 


ABNORMAL. MODES OF NUTRITION EPIPHYTES, SEMI-PARASITES AND PARASITES. 7 


00264 (Ово kuasi. ORCHID - Epiph. MISTLETOE (Viscum) Ses; - Parag 
Dodder is charactersli¢ in fal. Unlike asite, t develops, Оос. 
(tis a climber ы; hosts ace Apple and Hawfrtorc 


(à) t alfaches ГУ fo fhe ska of the host. ү ea і pede gehn 


(5) Е Possesses по tools ied adhere n fo the Deaks of birds. kt 
" рее malu Condilion \ ate Yemove 
A ( N - 3 seeds 
Do | \ k fe 
TOUS NAM. WI Малу Ко wo — N b«ds 
Diaarammahe locale dial Ye Pp aids alt ft fie Deaks 
до ANY Ahn lo qow vigorously m he 
Kraasverse Secho SR V o їйє дош, 2 crevices of fe Dak, 
Тойы pact КУМУЛ ола f leek of A so дробна бе seeds 
SAMO lait. u seeds | Host i a Sabe оа 
«о = (аы, of Germinal 
Vaseulax | 2 gumma wm б aft oe bend Green 
Skand Y | whieh aecumulales obally 
of kagt: th , | Feeble in the Crevices т Ке manu [aes 
Nip oat ww | | ИЕ he's | фм d 
| j | Tue ol as qe Qal Tools X 
Moisture Хот the humid А material, oblamag the 
Sten of parasite atmosphere. neecssaty salts from Ке host. 
Hauslorur or ‹ 
Ге d the TootHworr (Lafræa) дао] 
рака. , alacked fayasilé, wort 
6 the phloem chkmenlg ) Which is be 
host. A ; over, So as [o én 
= 7 0 ferial shoot А a E Р 
tcuseakly awa«qed |- f i7 Wale, glarcas 
KU ag p. Seale leaves i trough whieh excess 
underground «а № D Kalar is &xuded , no 
3 / | i axial Kansp&aKioc po 
j bee Small tasecls 
"ase («орау found ia the 


\ be. t be that 
et Producls d p 


ansor 


— Fibrous Yools E it Suckers 
which охе alle 


о of fte Host e.g Beech, Harel e. 


ficuc. of ie e 


parasi. 


—— this Юіакі is а, x p K e 
Renal shoot bearireg rate of ie = ey ce So asa = aged о 
Scale leaves 7 ic, on Vins payasilie ы 
ik i6 So a p he whole Vegelalwe Patt Je des 
broomrape. is very similar 6 fo the “eat and (s tepresen Ed iat ke г 5 


а е‏ ت 


bu Y 
which wher еу sped "m pa «d disp 
s bably: the. 
e ае lowes Ф ом " 


ool wot ia o habe, bul 
unlike. Kose. of (оомо aad N | 
Dodd ts seeds fail [o 
€ unless еу 

d E Contact wilh a 


Sufable host. ipi t fud «c 
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"aW Toma Р 8 س‎ Фп ат offerente- 
edlas pr 
` els, gas ро AN) Chaxchushes of frasiles ife җы » $ me 
come m MAC A 2 Organic connection емет Paracile . at 
cat SE hs a 47, $ басок d Tm Dade, accordiag 6 (n degree of parasitism. 


ое Очу от ЖУТ. 


8 ABNORMAL ò OF NUTRITI - CARNIVOROUS PLANTS. 
Enk plant ETS SUN DEW (DROSERA) Шуе Surface d “ы 
j K “the dub-shabed Кодо secte a „ 
NA کو ي‎ id which is afíadwe fo ее. 
z He 2 Ту 0 


Side view of leaf. 


З simulas the 
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fie bl 
BUTTER WORT (PNQUICULA) ~“ adi 


" 4 Ба ла Di etw 
í © г d 
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DER WORT (UTRICULARIA) 


Кох fo stimulation, 
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condition. Wh 
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собачка small 
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ABNORMAL MODE NUTRIT 
YELLOW BIRDS NEST (MoNOTROPR) 
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y ly 
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EN This س‎ of higher 
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disto iag the nodule. hwe y 
€ һасйа change fiai ikogen io o. ‘Tne. fungus рое 
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3 PROTEIDS and AS E 1 
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IO. THE PLANT iN RELATION © I5 WATER SUPPLY = Омо - ROOT PRESSUR 
Expamen ax Experiment fo demonstiale Osmosis (one-sided diffusion) 
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0 SIU, x & fo 
= e Ue ayaa flag exdexintent pase rough , bul па largi поді 


acd calc i he смее Wopo- 
ions. Oher solutions are ade hom 
which one of fese clemenls is 
отд, fie growth of seedliage (wilt 
litle food reserve) à such solukions, 
Slows оч сот pariso 


а the of 
er E d ће vaxous esseatial 
XC 


lg allow the biggex Particles. 
ү the organe (Sugar) Solution fo 


n B the condon 15 vever 
Wal filing fe bulo of the fund, 
whe Sugas Solution is id the 


sx. 
The level of the liquid m the 
mel Б marked ia bolt cases. 
а А there ib а tee of the 
liquid «t the Sém, tie wafe 
rem the beaker having Passed 
rough Ihe membrate into fe 
Sora Solulion · Е 
In © there is a diop in 
he level, the wake having 
assed out fi 


а the Culture Solutions. 
e, s are {кеў sed wif 
Commercial Nite acid iq ordex 
fo Зе. them. Wf wastiag 
Wi Waker fo remove the acdily, 
They are Finally rinsed wilt dis- 


\ alex. 
an odd hole ia the cork Holds the 


Опа. 

lank, while the [wo side. hols contan i") 
аі ubag Plugged wily coloq wool. 

cse lubes are . r епа 
fe Solution as the laler is absorbed. 


16 demorstrale Root pressure 
by means ор a Manomeler. 
Ne res is absorbed 

ut С. ders 
great vigout, Yesult-8 


хопа the funnel 
Yough the membrace inio 
the Shoager Solutioa Wifi 
ће Decker —. у 
his ong- Sided diffusiod 
: or Osmosis ю brought about by 
the smaller ti of water being able fo fase боша 


Aodemonstiale Osmosis b Ihe Pores of the sea-bermeable membrane, while the 
леле duo Gg ш Dalles” of gps Souho« садо do 50 


То 2999 axe placed i {ашу 


.لا 


A marrow sien B 
about Ko E 
ches above Soll Ё 
level (under wafer) B 


© cut off 


Т hs sh 


means of yubbex 


ftliag (under water) | 


Фота Hydrochloric. acid ia 
ade [o disse. the shell. 

Ге АЕ повне has beeg 
accom = 6 охе 
н and’ Pe ФИ 
«o wakx and the oki into 
strong Salk solution. 


pil Bott але. left for one 
day bc A pu 
The one п wax about 


POTATO GEMOMETER 
eho demonstrating asmasis. 
p^ A washed Dolalo 


© Cul acess [o fom a base, 
The opbosilé end b similarly 
Treated , but in addition has 
a cavily cut табо it almost 
lo ће. base 

The Peel (5 removed fiom 
about ош. mech above. е 


Wokx £e next B ivice ils fomer sas, while base. 
poured «(о the tubet fie Соуехад membraqe is as lo te cavity sliong sug 
and covered wifia P tesisl as a фат омад $dukoq is Placed, and the whole thea put info o 
йа layer of ol fo i b the absorption of muck ough wale as showq û the iag«aa. 
Prevent 2xaporoliaq Wales, \ After а fime the liquid ia the cavity ie scq (о have vised 
е level û the i Me ous. « salt solukog osmosis havag [акеп 


lube. i marked, 


fe sol ® watered | 
aqd $ 


the whole. 


Put mlb а wara | ' 


las dimiaished Cogsidexably 
im Sze ard (5 flabby fo the 
louch, a condition whick 


Yesults fiom мају loss. 


Whew а bailed 
Osmosis dose uot 


lace. . : 
patalo is fteated similarly А 
take place., 


ABSORPION OF WATER AND MINERAL SRLS 4y THe AANT 


laes.. 

Р The walec Aliftough te cellulose wall of the rook hair is perneable, the cf oplasmic ining t$ Sni- exmeable - 
а ће бое 6 So Кан wall m eylaplasm consklules a Sami. permeable membrane While this allows the passage 
Sood observed of waler in Dolk dweelians, the net flow is бах the xone of Geaker waker concentrakion (9 the | 
b be «siag. Soil) fo ог of kss Waler canceetration (in the cdl), 


The теша one-sided diffusion is Kaowr as OSMas(s. | 
the mneral salé fom the soil gain <nlrance in the fon eelieally -charcyed paflides oc 
IONS whieh nor only pass through Me cellulose wall Буроо though the жїн of le cyto plose. 


THE PLANT IN RELATION TO re WATER SUPPLY - TRANSPIRATION. t 


B. € chow hat a potted plant Raasp«es. 


The sod ia both plant pole 1S covered май vubbe 
Феда, and a weighed amouat of Calcium Chloride 
unde gach Dell jax, and the whole left for 


6 plac 

Tweaky-four hours 

и ив Tne increase. а fie weight of fhe 
€ i 


it 
Calcum Chloride of the cokol B i due la a n the 
almospheue conditions 
| It thie difference. io subkaded fom 
he difference in Me weight of the Calew chonde. 
м Я, the result will be fe amount of moislixe. gwea 
of by fe plat dwiag  Kaespuatoq . 


A POTOMETER i aq instument which measures 

rake franspuation аа a leafy shoot. 
Aelualy, te оте measures the rak of absorplio 
but t is assumed here that this beats did = ачы 
relationship fo the tale of fanspwalog. 

The appasalue is р filed with wafer, and the 
leafy shoot used % cul under walker just before ik ie 
tequied. As fie water io absorbed, “aw enters at X 
and is observed as a bubble Ravsliig along the 
gtadualed lube. By this means the amount of waler 
absorbed can be measured fs the bubble ahproaches 
A, бе lapis imed and waler fiom B quickly fills the 
graduated tube agaia, so hat е experiment may be 
Y ed моч dieturbiag the appaxalue. 

The toneke may beused lo compoxe the rates of 
(x, Kanspwakóq belween ач evergree and deciduous 


TZ shoot as well as in the same shoot, at varyiag emperalives. 


The shoot used for this 
txPewment must be cul 
under waker. Both long 
7 lubes охе filled wifi waler 
and inverted inio Mercury, 
As ће plaat franspwes 
wake (5 absorbed „ака ie 
place 15 faker by the Mercury, 
which as a result nees up 
fte. lupe. ] 
овех of (avs ie _ 
oubstiluted for the plaar iq 
tie second lube. The former, 
bed d: allows 
sNapovatix(, of wal, aad 
fie teswtag suction causes 
fhe Mercury fo бе. up the lube 


Wale 


amo similar doreivetial leaves A aad ©, have 
ех swfaces \аеейдед. A has the 
undex surface. vaselited оъ well. 

boh ace then huag is а Waker Yoon. 

flvema«s que esl “while © Soon shows 
agas of wilhag, Decause in the later the 
slomatal apertures axe uncovered, aad 
waler is Омот off freely i fe Process 
f Kaaspxakoq. 


: b) есес of filler « axe Placed 
ia Собак chloride ps Ae Pap dy, Pick 
fiey, assume a blue coloux. 


Dorsiv [c well: watered the flask њ half. led ий walker, and whea 
ure о arek s Ope es PY por ons. half Hier © Л While vapour ell fie the 
wilt their pe surfaces uppexmost, and the yemaitiag flask, the lattex © veplaced as ia he figue. 
half wit hex lower Surfaces uppermost. à Condensation of wales Tesulls it veduced 
Ovex each | 5 placed a ресе of Cobalt chloride pressure, which culminates in a Suck, draw- 
baer, and охе the whole apiece of glass fo brevect ад ia Aust ах aad thea walex by way of tie 
access of damp qw. Te chloride papers over he leaf йө wale is seen (о collect vi diops at 


bwer Susfacee Soon lua рак, showiag the Presence, S. fe ends of бє maq veins at fe leaf mag. ег 


12 THE PLANT IN RELATION ТО r$ SUPPLY o WATER AND AR. 1 
To аепоаека the адаы {low маје throuah : 


Aagiospem that Gymao Wood. 


At the free ee he lubes Angisbum and Gymnoépéa, 


are Coveted wilt melted paraffin wax, m ode [o close ub fe — 


latex is v cel os tt а the ru: E | 
Condensation the vapour leads То yeduced фе ыш. 
while he еш er mulos fe Wate fo E nd 


бой limbo he Шо 
ДЕ! de P oes is equol on both sides, Е _ 


сбит of wales sing above. the Angiosperm wood & | 
fate than that over the Gymaoepem wood, 5 - 
онла that the srudwe of the Rngiosherm 1 Such, 
as lo allow move Yapid flow. 


POROMETER. - ga instrument which demonstrates 
e Change in Йе width of the Slomalal арға 


the glass funnel 
Bis applied secure- 
ly fo the under 
Surface of thie mi 
whieh is lil attached 
lo Ке plant, while. 
fe end of lube C. is 


Wale 


To show that the xylem ov wood is alone vesborsible. for 
he comduchiog of waler. 


a) Take a leafy branch aqd mng it- Le. remove. all 
asus ouleide the xylem ох Wood. then place 
it кфо walex and leave X for fwenty-foux бох. 
At the end of this lime, the leaves axe quilt fesh : 
$e Proving Mat they fave. an ample supply of ай. a AU 


b) Dip the end of a leafy Ма ido melted butter ox the effect of laced under wales. 8 
a Bh te ater he йад, Place the fia ын ба ах dip ‘at Вв end ad 
ember alte euckoa applied witht the result thal 


With a similar one in water. The leaves d We 
latter хета fresh, whil ffs 
Rok e wal vate ead Ri 


<) Noung seedlings, е.а. Vegetable М \ 
n ink. Wt ns $ ү па ада a fe 
allowing day, € is observ: 
pion [3 = Wi К. Eques «Re 


1 show fe commoqication betwee the intenor of the E 
kaf ond the outside atmosphere by means of the Sfomales. * 
To show the close connection betweed WF A 


waler ises up labe C. the clip is then 
dosed, after which the level of wallet 
aC lowers, because lhe aw _ 
enferng Me leat by the опаа | 
& vesponsible for the inereased — 
pressure оп fhe columna of 
мах « C. і 


can be Compared. E 


© Slomalal aberlues аса Me 


iqlexcellulax paese. 
if sucha is 
De re 
(<. &n 1 V774 V 
hic ‘ar мша GUD 
vei Me Јох, and 

5 ie wplaecd 


ende wilh rubber tubing. “th 
js The: Similar leafy Shoots i 


© defached and freaked as «т \ 

Ie above 4рет. af адет 5 
Condensabion of the waler by the stomatal 

whoux, е responsible for the Dau: s, and 

reduced pressure. , which results w atta eames 

« а засос of aw, through the the leaf bl de 

маје wt lube. A, from the ot- IA aná Stalk p 


side atmosphere , by wa the. 

stomatal atte ncaa " 
In ©, do dx bubbles appear I ç 

as le stomatal apertures are f) Vaseliced. 

д hu case, blocked. 


ре obeaved иад rough the 
waler. ; 


ммм 


Vaseliczd . 4 


EXPERIMENTS TO DEMONSTRATE THE PROCESS OF RESPIRATION. 
(o demoastale 


thar 


a рі f 


i ptas st ie s a e 
Wig, qui Car Dol du 
the latex اا‎ by Ke 
Caustic potash (Кон), wilh е, te 
sult that thee 19 reduced Dies- 
Sut. which i5 responsible 
fie suction of KOH ub tie 
9 When tis has reached ils 
RI} maximun өзү add citas d 
1 Ayragallie fo the фо acl, so 
] ае іо form Pyrogallale of potash. 
fis deseos any oxygen avail - 
YO ade, bul as iene Vise fakes 


Pap расе ia le Tube, no oxygen (6 
Plug of йк — fus Proving tiar if 
been used dug the. 


Teahialory Process. 


Seeds 
Sprinkled oq a 
moist Spong 


Ro gallate of 
Dolask; 


o show that oxygen i _¢esential 


15 
«eS 
The lap of the Rspralor is fined oq, 
and this is tesporsibk for the 
dawg m А 


ox. 
ia lattes Pe cum Ww. 
Carbon dioxide ,. Ww «td 
trough Soda iat and г 
уг gens plant 
t Јах Codfaming the 
i coveed wilh a baek cloth ia 
order [o Prevent pholosyafiesis 
(food manufoelase) faking Place 
while Yespwalon ' confiques. 

‚а Sul of xespwalioq carbon- 
doxde. ie деб off, and this 
i$ responsible for he milkiness 
of the Second јох of Limewalex 


Limewaker Repwalor 
Contarag wales. 


(o show that onc the ax dis 


ace. 


the gases 
«ation fakes 


As the seedlings respite , the carbon 
dioxide evolved , instead of faking 
he of Me insped oxygen, is 
absox by the Causte potask , so 
har а reduced Pressure. results. 

. fie suchoq. so brought about 

is sponsible for fie nake of a 
volume. walex equal b the 

Volume. of Carboq dioxide «volved, 
Gad ferefove equal lò the Volume 
of oxygen inspired. 


©, 


С» суу "> 
© OS Cake 9009090 0) 


айо. 

Soaked seeds axe placed in [мо 

flasks, A ond ©. 

la A, hs rr ne ie 

Pyrogallale otash (made immedi- 

ately before the Bett by dissolvitg 
vogale acid crystals wi excess 

Caustic. Potash) which absorbs all the 

ET майа the flask. Hexe the seeds 


OX Ye: 


ail b germinate, Decause liey cannot 
reale. 
` khe cokol, 5, Where. there is the 
Necessary Oxygen, gertniqalion pro- 
ceeds in the normal way. 


Here, Smal seeds such as Мааха 
охе epüakled on lo moist sponges whieh охе suspended 


in the bottles, A and ©. 
litle pyrogailale of potash, while. 


Bottle. A, contains а 
i b germinate , while those. 


B, Contas у Waler 
n A, he seeds b 
ogress. 
M.W.M.T. 


д ® make the usual 


14 EXPERIMENTS TO DEMONSTRATE THE PROCESS OF RESPIRATION. | 


dusiag Me Process Resprakion. | 
To show hat heal we evolved а ERES. 
among Soaked peas, aad ia B (бе contol) amog 
(бойоп wool. The bell jars axe necessary ià orde 
lo «xelude all aw cues. |. i 

In A, the femPeroline first {alls owing fo fie 
eaporation of waler from ‚Ме damp peas. Afer 
a fime, however, if wees, owing [o the heal which 
& liberated during the tespwalion of he peas, 

In the Сопко! B, any diffececce m the nper- 
ature of the Savitonmert can be (etd, and thus 
the veal’ rise ia A, owing lo the evoluhon of heat 
сап be calculated . 


Caked bottles, wifi a thermometer 
passing (ошап the cork, as 
showa û the diagram Соя be 


used Рос fus experiment. 


B 


бой Masks fo the level showd. «ӘБ 


Thermomeler 
Gexmiaating 
16 demonshale tie presence of Carboy dioxide i exhaled ax. Peas 
‘the apparolue & set up Soda \ime A 
showa т fie diagram. = | 
Lmewakx 5 placed iq ER 2 Ap ren | 
| 


he lube A commucdi- 
he май рв дү Wes p 
shal “dee Dh © voa in 
can be obsewéd passag through 


K B, Cousiag little difteeace кт the 
appearance. | єс limewatex . 
Оп exhalakior, 


brealtuag out) the 
aw Passes ‘nto fask € and 6 
sten bubbling through the linewaler, 
which as о result Goes milky, So 
oving the presence of carbon 


eric. û galed ak. 


To demonstrale anaerobic. respiration. | 


The hard glass Tobe is filled wilh) Mercury: 
and inverted wo Mercury. 

About Six soaked Peas have. their 
kolas removed, after which they ae 
slipped up the lube. Bi 

Ае 24 hows, they le аа 
qastous chamber of сохот dioxide, 
he latr can Os leskd by meas 
Limewaler, ох Causte рда, 

The carbohydrale has broked 
dowd incompletely, wilt the formakoa of 
arbor dioxide aad etyl alconol. 


C, Ha Oe C RESON + aco, 
fiyl alcohol 


Anaerobic. Yespiratiog. R 
Wheq animals are deprwed 


olmoephexie axygeq, во thar they сач по longes 
dicis aerobically, they d&. — T ij 
ladies howexex, When deprived of ffs source. of 
oxygeq do not immediately Succumb but undergo o 
modified Process of breatfuqg моц oxyge, namely 
anaexopically, Mercury. 


. It оелобс xespwakioq, the oxygen faked in Combines 
wi fte carbon of The carbohydrale, so that the родись 
of the Process are Carbon dioxide. and water vapour = (а olier 


words, exe i4 an edt. breakdow of te carbohydrale and 
complete. liberated of tres. 


Id anaerobic еркш По oxygen ts available., so that 
the carbohydrate Diealcs dowd ‘completely wifi only 
parkal liberahor of пехаҹ. = 

The products of the ‘process aye carbon dioxide 
and eK alcokol. The ee, on accumulatiog 5 


Yesponsible. for the death of the organen whieh produced it. 
ммм 


EXPERIMENTS TO DEMONSTRATE THE PROCESS OF PHOTOSYNTHESIS: 5 


(o show that atmospheric Собо dioxide is sees > йылме (Food manufachue) 
pad M : 


In. apparatus A, ће imeoming ak ib 
Soda. lene wed Carbon dioxid pasexq IF Trough 
95 КР oon dide м рента т jo Teo 


She Polack which absorbs any carbon dioxide 
which might be thee. 

The Моль used in A, and the соп ®, are 
ey e , add axe exposed fo the sualight 
or Several hours. : 

In the leaves of A, по starch i formed, while 
he leaves of Bare sfarch ladeq, hus proving 
бе necessily of the carbon dioxide , which ie 
available ia fe nomal ах Supply. 


Experiment Í 
ae "А Slach- free 


plant has one of i leaves 
seed mo he mou 
еб јох, in the бойоп of 
миси there i$ a Small 
amount of саз. Polask. 
The latter absorbs 
cubo dictide fom the 
akmasphee. wikia бе 


Two pieces of Cork охе 
plac fo cowmcide above. 
and below a leal a 


Stareh - free Plaat. Jar. 

. The whole is thea placed Affe exposuxe fo 

а the Как for a few Кош. the light for some. 
€ Presence of slaxek | hows , He | N 

can be demonstrated a all wil the jac i6 N 

the exposed Part of the leaf, sl starch -free 

бш nor in the area covered by cork. while thie exposed 

leaves contaia 


To prove that bholosyuthesis canaot 
fake Place ча ће cosence OF Сосо phy il. 


A starch- free. Plant (one which has 
been Карі ia the dark for wewe. hows) 
Mif; variegated leaves i6 placed 
ia bright light. After sevexal hours 
the leaves “are lected with the 
result that Sfaxck is found ќа he 
qva Parts, but not ia the 

Parts. 


charged wil Carbon dioxide. the 
apparalis е беп placed a the 
bright sunlight. 
ш some howe , aqas colleclo ai 
fe Гор of the Tube, which cat be 
tested and thus proved fo be oxyged 
The carbon of the cabon dioxide 
has been Yelained by Me Plant for 
siach manufacture , while the axygeq 
hae been liberaled. 
while the detached leaves ave larch - laden. Pease. 


Cream ~ Coloux 


Col 
EY VA e show that starch is vemoved from 


SOY 


JIN) 


K demonsitale The Presence of starch winn the deaf. 


k | lad whieh has been exposed fo the light for some fie. funge 
it E. w jm un fo Kill t, aad беа place it inb meftrylated spit which 


Gradually dissolves out the chlorophyll. In order (o hasien (ће Process, the whole may be. 


heated a Poreclain Dasa over a waker afi. Whee all the chlorophyll has been Gxkacted , 


fte leaf appears а del Cream- Colour, which оа the О собол of de changes fo 
blug- sn lp Thus Proving the Presence. of Saxe: MW. M d. 


IS EXPERIMENTS TO GHOW THE CHARACTERISTIC FEATURES OF THE SOIL. 


E 1 à à l Cylindex coana welt, and afa full of wat 

To show that Sol contains ax. fe ed ade " ир майн. "Tu an taf ^ 
Reforaled base cylader é marked. Next, the, là ж of wales is lifted up, 

m) 9а ad lowed b ng for a kw sécoqds, after which the 

э in the ia wi 

v + M a ^ "nr А35 ix р рчы, iP, d da adi 
il, ( Sol «^S the hie 

E. ere Sag ot Pie cad ak “fae hea 


ei [^ of sal (е next lowered mb the cider of walks, 
and the sail ane out of the lia. Bubbles tise rabidly, and 
fhe. ак escal seat Afe a fae, n up Ie Cedex ES маќ 
о the fret | T1 and fhe am t walex Y fox 
ШЕ Б, i equal o the volume d ax ia We lind 
volume of sol. 


To show that a fas sol ofas a qeder Surface [o моїх haa does a coase sal 


Two Swilax fas have lhex bases and lids pecforated , Info one 6 _____ Sandy clayey. 
aced sandy Sal, and кю the овех clayey sól- nee sail Dein T 

qui& dw. Both [as ое Placed info а Кошап, wifi орош 5" dept o ВЭБА GS CSS 
Wale, алд left there for about % doux, during which fine, mot waler 

may ‘havs fo added. Affer temaviag and дүн бо Tes, жап. p a thea Беа @@ а dyag over, 


aad itte fiere fot several days, and then ches адай. е fia, of daye р loses mors wagt (Кас̧ dos 
fie sandy, so mes hal the’ clayey sail ibed more war m (db instance. 
Слео\ех porosi laren b ra B 


{б show thal sail__contains Місхо - draartismta et Saad as compared wilh с 
kA te bag сайа One funnel A is filed wilh 


normal Sal, while far a sandy gail, and the olx D, ма SEY 
D contano sol whi da Ys soil. Bo iia lubes are 
Filed wilh w 


has been boiled a uu 
16 Kill any micco-óxaoxiee Whea the Тар moe A epee 
Bath bags о. moistined. walex een out from the {ube 
In zack bottle there at the same vale as the ax passes 
te а We Custe soda, through lie saad. la the latfer, fe 
wlile the U- lube оа [ше se Spaces are lage, fus eta- 
laq ах E TA roug quickly, 
Which ia nai xq exala а p psu. 
for some. fime, wifi the od the Columq of waler iq 
result Showa й (Ke s Twoe., casag t fo vua out wp 
diagram. la clayey sol the Pore 
© ЕЛЕ & Sol aig hays. үм А К Ee io Small, wih the oo thal the the 
Yes sie «9 a oer а aq : 05804 ах Trough is ver 
n dioxide which has be y ob hw p d which ^w exideat hen 
by te Caste, Soda, with ie result Mab c tie lap of © is opened, and the 
here Is a reduced Pressure whieh мае Кеке out Slow ly. 


ee he qud lo (ise m Re conespoa dag 5 Creak NN Said йад it clay. 


SS 


lim of the tube. 


Copillasly analy ia clay Коҳ «t saad. 

F qlas lubes Rand B, sack about 244“ are 

wars one ead by тиі the wa ase ea R 

fi Өм Sandy Sal, aad © wik clayey soil B 

ath are Placed "i a ошай of wal« ag Такева. Ы 

A Kx a lime n waley ie seen (б vise js E: 
fan ia A, thus showing i 


© 
ا‎ bi be тун dm fal 
6 i5 se lhe capi 
кар Ei ss 


axe Narvowey 
fe аа 8 


ко similar lias гм befaraled bases 

contain equal amos of Sandy aad 

dayey, Sail. an Equal volume, 
walex ls allied: Simultaneously. 


he water prt Very quickly trough 
ү а, а Cla Й Ie sandy soil, lowly foul k М 
ахде Pokies. e Particles dayey. “tis 6’ җн the ак Spaces Ak 
Great ах e Small aw coatect, Oued fe sand padicke are (де, 
Great ратан iy its Pemneabiiily, While those belweeq бе clay bosticles 
Littl. cabillanky Great capillary. Wales art, smoll. MwMÁ. 


FACTORS WHICH INFLUENCE. Ti 


GEOTROPISM. Я атомі curvature 


GROWTH OF PLANT = GRAVITY, LIGHT, MOISTURE. 17 


vougut about by the unequal dichibuhiod of the stmulus ed raviy. 


Several days, aft 


er Which the s 


д When a seed b sowa й а vertical loq, the woot grows downwards, aad the 
( ! 2 Shoot upwards, owing Ю the influcgce. ta. fiat tis is so, 6 showa by placiag 
E.—— uk E seed hoüzoefaly ii the sol, dag Keebiag the whole m awam dark place 
Radicle 


laq presents art appearance similar fo 


ak а бе dagan. a spilt of the horizontal робот, He. radide ha м 
downwards because it i фойе qûþ; aud te Shoot upwards casti te negalwely дю Mp. 


HELIOTROPISM (fuololopise) A 


Whea the seedliaqs have gowa fo aa 
grow мебия fte box axe compared wifi tose left ouside. the latter 
are ue, stort, bub 5шду, and wii а good greed colour. 
Those from wila the box, show a marked cuxvaluxe. lowaxde the 
light, whieh reaches them (оша fie sib th 
is Very Poorly developed, Decause. only little ligat anes Kem 
ke 
ae дома nent [o show the «ес 


SHRM o Shows 


¢ lakt. pat fiom he fral 


& oder (o get to the light 


Such shoots “are long, бип and weakly, 
Charactenalic yellow coloux- 


oP because по light 


Ra verd асаба fus act (ê xean X 

i Te ed Re stare Бе edile 

or Qelioles ; qow eoxcnously as a tes 
епі үз ra 


usual greed i aced by th 
ын | hee” Filed (o devel 


races the plant. 


suck 


$ Сее and Rhi 
5 à get pes ee Rok 
fus Keaton 


qrowlh curvature brought a 
6 show the nfuenee of light wt ue expenmeat a ола box 


about 2'xX1'x i м size 15 used. Ir 


of the box (s painted black, а order le prevent light Yeflectiow, к Equal 


а the kg 


те 
Как show а 


hos one detachable end 


appreciable, сте, those 


while бе, 


dual dishiouliod liant. 


———————1( 


"llumiqalon od 
ha all sides, 


ey axe long aad Stragalug a appearance. while the chlorophyll 


ёссе. 


cusvatue. M x 
Very young s<edliag is 
era Wi the саде Wa- 
keal Postion. the cylinder is 
almost covered with a black cloth 
so haf the light ts admitted 
dong a eee only... 
‚2. he oxafus i$ Placed n the 
light, and afke some days fhe 
shoot Shows the usual cuxvaluX«- 
lowards ће kakt, while the 
Pede Av а hè HR 
debn , bag, We 
я EE bie 


fi са 


HYDROTROPIOM. fl qowth cuvaluxe m tools Tesultig from the unequal dieltibulio oistuce . 
Soaked seeds are Placed on aseve and covered wilh most blohüg 
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бакі а soil 


e 
5 


њ 


feq hung а а horizontal postion ( а warm Place, When ‘the 


( ‚ they grow ойда dowd, $o showing postive. geoltopiemn. 
Ter te ene жыл, Show "y hydvohopie cual Nom is f [sn 
that the sowee of movetur. is алша еј from all «со of the Хайс, So 


that the [а Б ù а Stole of equi 


brim Wi regard fo | moisture. 
Я коху equipped sieve. is hug af an andl 


o 


When the ойде qow. they tow a marked  hydxokopie бич fue, the 


tadicles 


6 и С 
Stimulatiog 


back ine the, sieve. Hee, the део шчо of moisture 
EZ the "tadik Deads ukl the fip tecenes the wale 


equally oq al aides, (а spik of the fluences of quavily. 


^o demoasliale positive Hydrotropism іа {oclo 
Awoodea box x. pafoated base. contains ы dw soil. la he 


\ ordinat vous plaak ‚ап Which the Dase © 

gn si b that ‘f map ce fled OH Mau the owe. Around ‘the. 

К. Зоо ase Set, thei only source. of moisture Deng tat 
ха The 


p abouk 10 days, the vadeles, дад of qrwiag dowd, 


are десед мохд the Pot, so помад that the oct is positively 


hydxofopic-. 
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© THE ROWTH OF THE ROO ANO SHOOT. 


ow Yeas Maxim ом п а Yoot 


Select а seedling wilh a Slaight yadicle about 
one inch long, and meats of indian ink mask off lines = 
one mileme apart, Yom fie Tip backwards. Next fix the seed. 
ling m a јох ined миң moist Оой paper, and place m 
he dark “for about iwo days. . 
At бе. end of ће lime, he les are по \опдех equally 
- those beween 4, 5, G and 7, Have leagitiened consider 
ably, fus Proviag Mat ¢longalkied lakes Place some distance 
behiad fie Tp. | 
As а «sul of ths expeament, growth may be regaded 
as consisting of fee Phases from the tip back wards: - 
formation le 


ce 
Ú) Elongahioa of Mese Cells. 
(iil) Modifieakoq of the same cells 


To show that any cuxvaluxe lakes place ia the Yequoa maximum grow. 


Negatve qeolopism in fe chod. 


Фоке. доходот a ће root. 


E 


IY fae shoot d the Here the voot is marked V 
Rumer Bean seed- off û milimeies from the, Tp 22 
25 lng 16 marked off in backwards , and iq a howxo«lol postion i put 
aum millimeltes, and plac: a nb a Warm dark Place. or 24 hous. 
m à Horizontal Position, а a warm Hee адаа the Posie деокоре. curvature 
dark place for 24 hows. . The regatwe fakes place а the region of matimum growl, 


Wrote curvoluxe fakes Масе a the tegon of maximum growth. Д 
em Incidently these ¢xPecwtenls а the ase of deagakoq ts longer in the shoot than п fie voot. 


Although any growth  cuwolure fakes place m the rgoa of moximum growl in Оой той and shoot, E 

5 his i not the wgon whee the stimulation i peceived, bul that f is Probably Perceived by fhe 
ip oœ nearby, and Dy some means conveyed fiom thee lo the zone of Growth cunatue. 
‚ Mat hs i the case Б shown by Кем seedliags п а horizontal о5о, and Cuag off the extieme 
їр of бе tool. No Qtokopé curvature lakes place. 


Exbenment [o show hab the bower light Dexeepho« io localised. 
Niedonous seede are Оюма п a box, acd the plumule sheaths of about tal 


Light. 


fie numbex seedlings, ar covered wilt silver Caps, which ase fust made 
and thea Pushed oq. the whole is бет placed п а dak Оох, ‘Mum qaled fos 
fom опе end only. After about 24 hows those Wifoul caps show a defiaile dp A 


Wekokopie cuvas., fe Covered es emai | ight а te 
хене Power les wilt the fp, Bird by he pe же хтона ИДЫ 


rowlh [ух - fla insfument which magaifiis the 
Yale о} growl, wheeby К Саа easily be measured. 


The Powter has a shot am attached fo the plant, 
and a long am тааһа m a poat which moves 


The clock Is vesbansible. fov the 


over a graduated ae. , végulox revolution of the cork disk wile 
The lever is light and wkd toa perpendicular ОЕ datas ony 
bax, and le un ams ase made. lo balance Z^ dxougde de. \a Us horwzorlal Position the 
pone io Weight on the short am. As the shoal gro Ж Kalua É used for qedwopiem expen ends 
€ pock« saks ovex the graduated axe , ап the ag, Чот a a Ded postea, shows 
E (ats en по gecko Б ong реже. 
a the xévolv i EUIS 
poner Sin osed ban zapal : 
З е. loag bukon of qaviy oq all 
arm ie fo fie hot sides. 9 
am of the lexex . lia adı cul ax 
Я postion , Арон sows ey 


no hekokopi curvalure. 

because. the stimulus aftarded 

by light (e equal on all sides, 

оч account f the xexolulioq 
Cow disc. 


ECONDARY THICKENING — IN \ DONS. - STEMS. t9. 


Diaarammahe vansverse etchoqe а Dicolyledonous sken in Vanous Seconda Ricken 
1 fo Aumule, ox Hypocoty! M Laler siage - Тока 5 
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REDE "5 : Transverse. Section of Gymaoshsrm wood. cafa | 
IA GSC угу а M Т ы 
HOA IRR салау ly A AAO 
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етее В рза wood, іла FANN 
IO RN d vessels and kacheids, | XI. ШП 
\ e 997, bur wit few Fides. 
4| | 
еМ y | ари AVS 
On MA LACE aedis d | NS 
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The сайып beng mexistemalic wetane de power of доба and ч fick walls 
$0 is resbonsible. > the. Increase. in thickness € leet. 

he. calls fo the oulside differeatiale as secondary Phloem, and those 

lo he inside, as secondary Xylem. 

In the Ask year of thay асу саћа „Cambial cells cul off a} ] 
parenchyma cells fo the oulside and [o fhe inside , so Formiag Же Deae] medullary 
rays. Otter Cambial cals fallow, ftus poċeduie ia the second Yeo, те cut off 
secondary, phloem and xylem for one year. la this мау, Secondary medullary vays 
are formed. la he Autuma Cambia! activity lessens, While i Me vadler V Cases salire. 

№ Moaocoluledogs, seconda thickening does md as a чие. fake Place. in some, Such as 
Dracoerta, аса and many kims, which reach а lage size, hee io a тоба form of Secondary growth. 
Hae. The cambum cule off lissue- p the md vi be Eo dieere ido ы bundles: 
Ce secondary wood Contaiqs Vessels, fachsids, (05, scd Des qchyma. : 
с mes confans fackteids “м. hence. Же vegulanty of fhe Compared wilt „hal of 
04:05016. 


wood, 05 Com 
kt Bot groups, the ceesdíóq d Cambial осі © vesponsible for the formation dj" Aaaual чадо. Gp 


20 THE ROOT SYSTEM IN ANGIOSPERMS , GYMNOSPERMS AND PTERIDOPHYTA. 


ARCH З “TRIARCH. 

f. conditica Rpieal 2 Alifexous layer or «бета fla _arangemeat 
of feras м uad ia fhe toot 
there ore Iw ! of fae. 

Хет Endoderans Endoderns Hae бехе. 
d «o txceycle. хед он. {ич 
alfexqahag Xylem groups 

«s Primary Phloem and thee 
Of Phloem à {5 изү. 
Fratoxylen) Primary Rolex v x otm Qroups 
: (lem EET 
Малы Xylem | к es 


oes. 


of = voot sakes pe s a 
vascula Core, readers 
t pliable = a decessar fENTARCH  fluolkex Npe found 
. EES ftu ЧҮ” ошап, Which Y^ m Diese Б 


la most cases fie stelar ra 


f very common lype- 


among Dicdlyledous 5 make We way belweed tough the [we quo 

wate the ur Pasticles of аў. > of We 4 ١ 

xylem q For converénce they alternale wif 

alfexaale. wi оле cased gehe as the, fie qouhs 

fe four баен enn, aad of xylem. 

q axel axel accor | 
Pen e fo (cupo of Epiblema 
Epiblema altenatiag Xylem ад Cortex 
Phloem groups fey Ёпдодехч%® 

Enidadennis S555. Rueyclen 
xus Ya axy lem 

ода ım 

Pre ty FOLYARCH inary phloem 


CHARACTERISTICS OF THE ROOT BUNDLES. 
ax Du axe. 


(Y Radial (phloem ond xylem bundles от 
X 
(Y &xaxeh (proforylem elements face х 


wes o ) 
ч) Closed (di Каў, dl © 
j imi lane в 


yach canditieg chavacteratic of all 
etocol doxes 

The allexqatiag умет aad phloem 
groups axe тасу Q mbes. |, 
„14 Some cases, є д. Maize., a D abpsars 
in he Селе of the ele. 


Complete , So haf no Drimax 
metiren of cambium is present, 


A Nes у бш slips d cambium Teach the белес, 


The нүм. of the cambium i6 unequal 
in the, regon of the Proloxylemt 
ad most ап the inex side. of the Боа 
(pecel by X). fis a wout of this uq 
Janson, cals which difereatiale a6 Second 
ох sem Groubs axe formed, so that the 
Cambial layer becomes cueulax i form, after 
мікс the dein the calls is equal. 
айраны, the Phellogen ov cork сато ances 
o compensale. lox loss of cortex, à secondary : 
f. Rar B Carex ол Nhalloderm i cul off to fe neide. fo the outside , cork celle a 
formed which, 1а addition fo the endodexeis, ongiaal Cortex , aad tpiblema , Conste the {vet cork ox рейди. MW м1. 
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DIAGRAMMATIC TRANSVERSE SECTIONS SHOWING THe “TRANSITION FROM ROOT 
AS EFFECTED IN THE HYPOCOTYL. 21. 


ће toot the Bundles have the followiag characteristics- 


th : 
1 а (xylem and phloem bundles on different radii) 
1 ү pares Mee T outwards) 
M meristem 16 Presea 


$ t, fe 
d ا‎ ү; [^ t penal боад beng complete) 


Lateral he reoh anoe сше takia 
ZA опат от БА Pexicycle E" ri ET ther рро 
г ао, от ороо paxeachyma 

deeds loe and the : ehe groups. 
“ig c u means thar he a. ig well- akre 


the cortex and therefore unlike 4 
be л cre fom makes ‘te way E e M 
soll. 


E © 
Franeveme Sechior the fekoxeh ook. 


Ar his stage, the xylem and phl aS 
bundles ке aida “radially, So Ё that 
he qum ber, of xylem ond К ayoups 


ax doubl 
bucdl 
dina vadis 
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T b Phloem bundles 
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Kx дуаа а " aem 90005 еа ei 

Klee аА, A = "M the pe floes да out caldi s 
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Twisting me [o lie, on fie mae si phloem groups, 

ough vifi h fe рео 4 кч p acing dde $0 forming 

half o. ciele. the collateral buadle . ред d fhe sem 


Fixed, position 
of the phloem: 


N fassvese section of he Plumule ос _Hybocoty!. 


la Ге. Hypocaky| оң быш. the chaxaclesishe 
eK eXacluxe 19 ideal. У 
- Stent buddies differ “hoa root bundles ia that 


к: rim o Collateral (xylem and phloem bundles, 


1 Eqdarely ( profoxylert “element face моха) 
$ Орен a Cambium or prmary a 


xylem, the pi wies 
procombxal 6 


Branches ke Shoot alen ance enausly , 
e fex oq ouber fi Ж, P 
axe relatively immatue whe Мы th 

as Prominence from the "банкет 


aielo} tually 
аа ‘iadistiqauishable 
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ie tube | fen. 
Sclereachymatous cells forming 
б 6 bundle К. 
ted vesoele of Melaxylem) 
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(Annular vessel. [ oem. J 
farenchymalous alls of the ground 
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lysigenous space. 


Xylem 


lal vaseulax core Dullercub voot, 


noe 
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A CPI) => 
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a relation [o fte sol Particles. 
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Soluble Sails. 
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LEAF STRUCTURE - MONOCOTYLEDONS ANO "соту аром 25 
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a cov ht, ona pon the et d 
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& cle, wit few = Ld АВ У ea „ toma , which 
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% Sud Qastous 7 iW 
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ange, (oxygen , г 
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: 3 P мом. function * The Protection 
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4 in Ару оће — ү/ү/\ || | mogoc : 
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Slate. ia Co ME e Е тефот- 
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ODIFICATIONS OF THE SHOOT FOR WATER ECONOMY АМО PROTECTION. 
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the lal vanes Yellow Hora Гору elc. 
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culieulax 


Kran 


Yell 
Шон MO i 


A. Masana of leaves i Roseto. 
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йоча a pu Фота. 
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of shona. Hansvese decks of Maran агае af. 


ax cues. he damh ax (у V p. 
ye which thus ер \ (i 
Wi 


споја. Охе M m. : TA UE ; Ө |i "C 
я W e waler дед ends {о { | cS реН 3 voll up, whed 
Collect, So «d th < 4 э 7 d 5 
violet loss йы f 


P = o RP 
С 
eo of Hakea kg LLWY Yastulax 


Me thin-walled celle e 


dona d Hakea. 1 DA 
LAU PES Е n Maran grass Yeadily fake up moisture. wh 
ga Хеч tuck мај © arabe wilh the ed E fie. le фе, Оа the \\ ] 
boss ofer haad, fiey Sood lose hek moisture whea litle is оой s бо! бы dh 
Epdemqs. — Fransvexse sedo g p : aad the (cal . 
hg Eca lat ә ЫН Оа, cbidermis 
AS. 6499998 S E Цр 
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( €: m asset ia impeding the саре. of the үарочх from бє бирн 
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R leaves and Stems, 


Р a at v 

I apaes , which Сод 
A& х much кек -маћед Геце, 
bu So far the walec-lose ie 
Wduceed fo а namun. 
These spines also земе as оп 
adequate Protectoq agaist, brewe«g animals. 

In Hakea, the Ruskokoq deser 

blank the leaves ose tefresedted by stiff 


Space Я 


Many xeroPhylic. 

lads bear pinous leaves, 
which idcidently save fo рой 
ће Plaat from rowsiag animals 
that this 15 so May be seed in 
such planls a Holy, wher the 
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ү Max gras 
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tO. A lant Ee aes whieh do not of [o have 
т бады wii. Waker loss, - probably Serve Күү I 
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deae одоог browsiag aguials 


Haw tov. 
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{| Ordiqaxy axing ла the ох] 
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11. Succulerls are хер ый. Hants which efore up water wher t i 
avalable, and thea use F during lates periode of drought. 

\ Some cases the leaves alone afe Succulent, 

while ia doties tis the stem. 


уу 
Э Sedum acre (Store сор) 


A common 


leaf succulent British plaat, whose leaves 
Q Which belongs, axe Succulent. |t thrives 
x 2 othe suas Parhicularly well 1а diy vocky 
ag does the Places, and 15 ошта in 
ү Кієкда. English eloteerop great Obutdance oq Stone 
] / 1S South Walle le. 
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ile mois[u«)- £4. 
bo deserts de 


Pt ааай leaves. 


ш Sempeivom (Houselesky Here the fleshy 
Kleita belongs fo the « е f 


Poetae, wil Мо SAT а, 

троса, while Mammill- Yack- garden (Vai AA a. Hose 

ana Delonge fo plat. N Wy Y.) уо. 

d. acram doup Py 

Which  codfined fo fe My, s 

warmes of America / JJ, Mesembryaatierum | бою 
la Doth, © stems ی‎ Another wi tools 

are Зисешеяї, and ia Se distiibuled plant 

Меса е охе 1 wit fleshy leaves. 

охе reduced lo Seales, б 7 Revalent, through - Glasewort 

ме ха Mammillaria EN 2 ощ Africa and icornia 

the leaves of the short EZ, Calitorcia. In thie Ба Sea 


Shode охе, modified as 


Sterns 
spines. shore plant the Sem 


7 ox. sueculedt and the 
leaves охе Yedueed 


Clasewes like few * x 
alex ©щсещеп@, Ives undex 


ДЕП addikiod fo lhe TY toloarcally dry” conditions 


of the seashore. Я 2 
Root { Yeduehoq m size of болат thee may be аа PK Node. 
System Cactus leanes, many, abuadance of salt walex he Succulent Фет 
show a tuxther modifi 


cafio the tb bed 
Yeduced leaves fo form spe alfuctures plant, fie Лас pos Kook system 
Which afford adequale (хоско agarar enliicly upon the Yaa маќ : 
many animals. Which iF absorbs m Quads and immediately dors. y win 


THALLOPHYTA  - STRUCTURE AND 


ай. ladwidual EUGLENA 
Conkkaclile a 


vacuoles Mouth 
feto d 
Eye -spt 775 Flagellum 


; 


Nucleus. Riot fo encystment, Euglena 


Division f f body g 


freqoids ў СЯ 
‘ OU OR. wilidvaws ‘ih {шуш ond forms // 
^s & from Ke ase SOR tay a iek gelatiqous wall. Af : 
chlovoplasls Agga fo fhe poserar end. SESS penod $ vest, бе conte 4 fe 


cyst divide. longitudiqaly,and Me \ 

daughlex абута ا‎ ea "NS 

flagella. make their way fon “= 
< ey 


CHLAMY DOMONAS 
Asexual Reproductiog. 
(della stage. Undes conditons which are met 


~ unfavourable, fie pareat wall becomes 


A Daughter dividuals 

Mich acqui a 
cell wall, aud [wo 
cilia, so resembling 
fe parent. 


exual Reproduction. (From Fitec and Salisbury ) е 
a) \gogamtous Conjugatiog. 2.9. C. реб. : 
УЫ, їп moet кө d Shlanydoronas , ke Qameles 
TOA 3.66) ase alike m ud. ed. They anse i а («sul 

Seqmentation, aS it Me above Process, except 
fol more daughler igdividuals a formed. 

In igogamoug Conjugatiog, Ме дате x 
similar, allfough there "ud be some physiological 
difference, as only fe qameks from аф еа 
patent individuals ајда. 


lı Chlamydomonas moqadwa , fie 
aneka differ in bol size and 
beltaviowy. . 5 
When micro qandê. and , maso- 
qande fuse , the conjugakó« i5 


Anisogamous. 


4 


Macragamele. 
fca wat d, кыйышы 
a ZYGospore varying charac- \ 
SPHAERELLA k lo formed, ا‎ fo 
(Krowa also as Rolocoecus or Haematococcus) ће speies. 


Male Individual 
— / PLEUROCOCCUS . 
/ Single cell Dividiag_inlo [wo 
Sof Cell wall. m 
AS alév«d Pyrenoide - 


Dwidiag ido fous. 


Vaewolaled Fach саир cell 
‘he green a Proloplasm. rounds self . off 
calou of the ES Nucleus. and grows ilo 
chlorophyll is N^ 65 Pleurococcus forms а акеп а dauglitex 
frequently obse dw. 1 V à Faden mass on hee- Kuaks de. individual 
by ie ved Pigment = Haemalo chrome. йн occore 

T 1 

arlicularly m the vesting Slage , Wien жЕ udi & MW MAE 


Ow, wiRdxawr aad ffe individuals Youn 


STRUCTURE. and REPRODUCTION. 


= - Miérogamd«s 


Vegdolwe cel of броду. . Sexual . оде от ; 
A Pa Sealaiformg Conjugator Lalexal Codjugahag 


ue Embly cell hich fe ® 
FA 9 : f [7 ci Jr ena]. Es i Zyqospore 
д = A 6) Эр A 22 

SE CAM, AVG 11/2) 451€ Wi 


o ће opposite cal 
| of Ке adjacent filament. 


Male filament 
Gnjugakicg lube ) Eb call 4 


| oe} Acisogamtous conjugala which the contenls 
У e долее of the male |. have -— 


VY 5 TR Conjugating kbe | 
кодқа. Yeproduees asexuall vegetative < 
Mei only, fe filament Fagmenticy cipere 


і. 
ENEE О d£ ^^ 


— Glia -Sh 


*.. Chloroplast. = passes ffirough b fuse wi 
=Nucleus. codjugaki Those. of the 
Rrenoid . b the fatale ance, neighloouxiag 
Mee to fom & Call, fo {ока 

Zyqole. fie Zygole. 


| lsoqartous coqjugalioq. 
| the protoplasm of the celle 
Tes proto of i 


| as gametes , and pase VAUCHERIA 
[УЖ a ine mo : "a 
Con Sh i 
wies ie ач ) в) aed : ыр 


form fhe zyqosþposs.. 


fol م‎ Lm Sn "S d 
f eNO ё «ху, While opposue- 
Xod E m S e аск nucleus is a paix d cika. 
e у he tip Sexual process 
А А né ucllagiqous ip whiclt breaks dowa 
Qi gob z beco aad fe os е 
Cod mes АЖ à 2 X 
К ЭР, swollen and бозой É Lat f с, satel a 
Zoosþore.- e ~ о off from hobs which ab RZS: 
iias m > flam zt Gpermalozoid тайну has Caled aaliexidun 
| ares wal fo |24 only one nucleus : il globules 
Ж ен. 2 Каја ELO NL 5 FES ehloroplasfe 
ZOI 5 


The Беа“ spermatozoide escape by ff li | ә caled 
aalfiexidivm. Опе enkes the Oogonivn , Mita T oe AN обра 
fo form fe Oospore.. 


PROTOZOA. STRUCTURE and REPRODUCTION. 29. 
AMŒ BA Asexual Reproduction, 


ace View : = 
Mu, ча Contractile. ) 
Eeloplacet— © quss | binary фы — P 


Éndopl lowed. by the proto r 
asm 3 СЫ) ow e. prolo- us 
d P ^ Se ie makes 2 [wo Surrounded by a PM 
Nucleus y; halves, The resulting d eval ' protoplasm 
food | daughKx individuals the daughter 
үйсчо E LS resemble. he X: < dividuals or Spores 

» ol buf size. 


[ а) Spore \ | A 
Реда On € ag Въ 


% که که‎ | | 
ER раак 


Vorticslla - Sexual v roduchor. 


VORTICELILA 


осаде А (о бер lo ge | (b) Coujugatiog. 
~ e W = AS {ЖЕТУ One mdividua 
ekiakón 55 Ve ft AS SA uadexqgots 
} [ пайа! gous EA repeated divisiog 
tess one te C 3 Хоча small 
iu x Ор U^ P ДЕЕ 
ас! ‹ 
fow E: s e fe sak ui E 
а Comes wil 
ofiss fiez- ‚апд (6 Complete 
ave pal i bed by the ‘latter, 
(Anisogamous Conjugation) 


Paramecium и the let side. Meqarucleus. 
Лс Wasik | Microrucleus. 
t е. m е т systole, MG ee Й Beta, eile РР 
mali tig ts 
PARAMECIUM. "deve TEE Neo emn 


v — 3 Мрак sltiatior 
Oral ane Керра; a 


Micronucleus divides Iwiee _ лу 
Reduction divisiog (Meiosis) Кейш К conditions 
ms а ү. 


к D рх ion, 
ESS пак whieh такі 
оде 


be regarded as al 


| 1 lq Binary Kansverse fissioq 


Tes. resullicg seqments disabpeat. 49! 
fourt | Yema«c«q Segment divides 
li a 


«lo 
large. ale Pronucleus aad 
small ‘male 


onuc «us. el 1 b A ol R 2, 
ole is m i Ts жаен А ahs aes uh. % 
a esa ppsave). Ihe organiser frequently follows. 


kc 15 carly stages it precedes, Ihe 


Resulticg худоё divides conjugation 


fee fines Suceessivel 
So that the body Colas 
aight nuclei 


3 Ìt Cxjygahoc 
kach conjugact tox divides 
Iwice., Each” Segment, |. 
Соокту wo nuclei whick 
dffxerfiale alo 
one meganudeus and 
оке, micxonucleus. 


/ y B Meganucleus. 


Microrueleus‏ %0 ره 


So. CCELENTERRTA = STRUCTURE and REPRODUCTION 


Transverse Secon d lydia, 
Showing Fe Ovary 


Colenteric. сам 
Contiqued into the 

Fentacles 
Male Yebroduclwe ota 


ox [tefie 


Daughter Hydra 


г ў i 
MP endoderm 


idoblast, oe: Ovum. 
Be dis ха! Ке. E 


Nematocyst fread. 
« ате 


KS Barbs 


E Transverse. section of Hydra, 
Showiag liz teles. 
[face «so Pus 


Nemaloc Mesodiæa. Fests о 
Trea » жуам male 
Nucleus reproductive 


Sper«alozoa« 


7 (female nematocye without barbs 
f A T P mE [m fe Ten nde. 


Used fox te altachment of Ке enlaces 


: | ey. 
ач OBELIA | 
Asexual Reproductiog. Sexual Redroductiog 

UA таит, 


i p Medusa bud. aoe. dee al) s le the prey от ойе objeds. 
Yebroduces & Сюдло са. Dslow. « Deda 
asexually, forcing e возове. s / ., dM Я зрка| пецаіосуѕ a, 
yes- Swim «q VN! E T which I$ very (сеч (ч 22 
edusa.. ^ WW) : . ys „| Чап the prey. 4 
& : & о We а ial Я A 
wachiq naluily Vy ] Т“ 5 
We т, b fe WX Я R 1 FS Creular Catal. Se 
ic mm | Б PA y SON х Ts А p 
odes М М Diagrammalie. Longitudigal Sectorz. 
usd. 


/ j | Hydvotfteca Cwculox 
Ӯ T -Endode Сода 


The fertilised омат 


Eclodexer лада 


A - А. Н Kalaek 
баша dies ver. 6 NEN b: 7 «лде ر‎ (ore of 
mr ERES "^ Goto- ша Мейд УЛ А) 
"n buds forms a new E enm \ntex-vadial Каа је, 
colony. EE Ммм Л. 


echi rom dor 


= 


Zu = Vesicula semiqalis 
ША ? Tp. > Crop 
Т, a Gizxaxd 
Seqmenls m nmm 
Clitelluet. Ju e NM 
is PRE = Intestine. 
— з = TI —htesknal (parietal) vessels. 
Е (fe pals тың 
Rote! == clan Segment, connecting. е 
Ejus s SF: i Dorsal aad subn«uxal 
f =F E vessels) 
Regioa of te (Se т = کک‎ Mephüdia or excreh 
a = нш — ^ ЖУ 
Ст. [к= = 25 ==] j mes ia all seqments, 
i ARE - except бе {tet three 
Si, 22: aqd lae. 


Clifelluet 
B. 


Сие икс 
A. 


ace. 


ЖАУ, Supra oesophageal ganglia 
y ME Neve collas or circumpharyageal 


Commissuxte 


Five раке of 


(contvaclile, vessels) 
(7- п iqclusive) 


Anterior lateral 
Vesicula semiqalis 


Firet posterior lateral 
Vesicula seminalis 


Ж bise Second posterior lateral 


MW. M.T. 


o -heaxle 


32 LUMBRICUS — TERRESTRIS 
Mediaa longifudiqal &xeheq of the апо post al the body 


EUR CC eee 
faicta vessels - abair i each 
segment- gach receiving vessels from body wall. 


agram the 
Reproductive. 
Organs (Dorsal of 
View) / 
dac lakeol 


First mediat 
Vesicula Senigalio 


Vesicula semiralis 


Firet posterior lateral j; K 


Vesieula semucaks 


Veatal Мече. cord. 


- EARTHWORM. 


Posterior lateral Vesicula Semiqali 
1 Qpetuxe 


ody. 


fi oxscphaaeal pouch. 
E. Nephridia 


v Dd d 
Же Venial Nerve coc 


Anterior Vesicula &em«talie (mediaa) 
Sertiral funnel 


Relerior vesicula seminalis (median) 


\ 
\ 


Dorsal vessel 


zT. Supra - oesophageal 
CSS qa«qia 


х Vaca 


Я veseri or 
al vessel. sub. intectiqal vesse. 


Шу afle Marshall and Huet. 


ula SEMIS ох 
Spematttecas (opening Бет 
Sand (0 , (o aad “у 


Cy Ovary 


Receptaculum ovocurz. 
Oviduek opening оп Me 
4% egaet. 


LUMBRICUS TERRESTRIS - EARTHWORM 55. 
Diagtammalic Ransverse. sechor through the intestinal vegon of the body. 


Dorsal blood vesog. 


Kt (long) loop of tte Æ 


Марад, 


* \- Muscular layers of the 
: iKelical wall. 
mt Epiticlial cells (<adodeen) 


pn of the meshire 
DD 


Second (stort) loop 225) а d "us 
of ќе Nephidiom EER Санни Enteron or cavily of te 
ЧОД - “өте 


Tard (Keenniqal) loop 
of the Nebhridiver 


Nebhvidiopore (exterctal SES GE YF SRI EI CNNN S 
араа of tke tephidin) Sy 43 КОЗУМ T Velo! пече Cod 
“ЧО SX 25a = GY) 
Nepheaclomne =, e 


SAGE CECA 
Diagram g the Nephridium. 
ta our) 


First (ong) loop = natvow 
басе ах tube, ciated ‘at 
ia past Pharyax_ AY [LA бира - oes ohhageal 
À qaaglia 
Secoad (showt) loop , wider, "ко fats 22 “Сисак -o¢sophageal 
aad inlacellular fube,, | yA Commissucs . 
ciated Mrougtout, fie cells | "i (Neng collar) 
wilt grander poloplastie. : 2 \ 
coateals. 
Ganglia of the 
Ventral cord. 
Nephoslowe (ciated moutt) 
of ќе. nephridivm, 
e openiag fom бе 
pue Third loop - widest past, 
Кы ү lined by бее, . берат 


whieh is wor- glaqdular, X. 
iJj but contains interlaciag a 
museulax fibres. | 


ый 


Removed from the sela_sac. Ммм 


34. ASTACUS - CRAYFISH 
Extegal Боке Carding (едо of the carapace 


Vew from the tight side . 


Тедо. 


„== ius — Antenda (2) “Ss 
ы ale of Antenna. 


3. Moxillipede (8 


E í Ke chela (9) 
6f Ада) Р / J ) NS 


adage (19) 4* Walk Hf @ Wakiag leg (i 
фм "vu Ay | ш £4 (0) 
у Deh PAD N 
Female Cuay fist leg (12 Yj 2" Walkiag leq (tt) 


Dissechon ftom the left side. 
(Rat offer Bortadaile 


\ feveqtseulua. depale 
Optimi ate. / Баео Openg ӘЧ садот, flexor muscles 
Artentany/ Сайкс of Bile duct ога Heart Steal Ovary. J) ensos muscles. 


artery. / mu js LR у eere NR Dorsal abdominal ог, 


: > Hind дч. 
j SS 4 — Abdomdal Téga 


gf Abdomiqal limb 


Ys 24 
sic Wolk«q as. Transverse Section Їбкоцан the ‘Thorax. 
Thoracic ойыу П 


Right dela 


کی sius‏ ل 


(aso: muscle 97-4 
of fie abdomen. 4 


LENT 3 
Эа Airobrarch. 
N 


N N 


у 
) SN 
Trgu M, EXTE{SO muscle. ox WN 
Dorsal abdominal Rw», of the. Aodorten. | ^ Xs © 4 WA: 
., a &,  Braachio - cardiac _ BL ON) AN Ej SLRS 
NU a, Жү NN {ox / LASS / 
еей Efe braqettial Qe N h , 
Me 4 ( V Situs) WA gy 
AN. Flexor muscle d SS K 
eleg E 3 © kekelon 


à exeat vessel of the dil 
4 Meet sb. d fe gil. 


9g at^ lire io- 
Venial blood siqus: 


"бше layex J stegt. 
Ventral D S, 
NUS Kovacie. artery. 


A бшу supplying 
^n leg. 


VW. M. d. 


\ A obdom«ol ойу 
iN ^ Exopodilé. 


ASTACUS — CRAYFISH _ 1 55. 
Male Сача Dagan of he Сасщайоп (ala faskex aad Haswell) 
Orgaqs iq = 


Heart and ateco are dotted. з eqs aqd siquses wilh blood 
5 ad uses Wilh =o ORES axe Wide. 
Aatenca (2) Antenaule Q ias эы эин hE Зай 
~i hd d LS ad ES > 


chela (ә) / ES 
w, | {| | йй. ME a 
Exe à ч W h | БОТ ave: d 
4 vais TM АЛЬ у Arent branchial че. 
\ «жд \ d д Xe iy y J Situs. Staal «us. 
Win 


ч \ 
gå Walkiag 
keg 


Ø 
۷ / Дакан: ойи к | gi 
j v Adeaqary абау Left half of the Rovedticulus fiom wig. 


D 
A ١ 
Nl 
ju; 


ы \ 
57 vases کے‎ ana fren E) JA. береке. osaide — Latesal з 
VEE | odias oce oec ium ы = 
4 м. Led ve) PA ANa АЙ, Y= 22 iot pene Sie | f 
S B 3 : А 
— I С) ( ү) [> s Nus 
b. ў 0 کے‎ <" o 527 
Heart wiki oda ЖЕУ ru 1 Ni еле "n : 
Vas dees Gas oed. E 


Dorsal Фазо AN 7 


Flexox bus + 1 У 


of the abdomen. A 33: | / 
Xi \ ; Di eck d $ С «fa, ГА 
е bios z E 4 ln cht qe AN Nous 5 Seq f 


TL | 
Telson SA PTS 


angliog 
sli ud o 


Senge Organs (af Borradaile) — Culieuos facet. Ме. $ VLS 

iy 

heft compouqd eye. d ise I 
3 Antennule =? 

% flatenqa nex 

бш. cone Newe 1 2. 

з Kove dlvieulud. g 

Сосш ocsop к: P 

Супүт\ дым. , 


the limbs suxcouddNl A ; 
- vu Е о бе modh XA 5 g 4 4 
Loigtudwal seekoq of he Бе. 2 TX М c A 3 
ў ganglia AN 7s И амаа leq 
V 3 Y^ e«t! atay 
laaladial Commissux p» cA | [Sy 
¢ velkol neve cord, iS. ai | 
bdomqal к, e [4 me b одоо! 
quia; |24 (i 5-34 | Segre: 
амо nexo at | D mx AK 
EE ed [ef Sum 
Ачай [5f r) 7 


\ 


»/ 


3 


Neye lo бе 2222 5 P 
nad out W eS Üopod . fail 


\\ 


36 ASTACUS- CRAYFISH. REPRODUCTIVE AND EXCRETORY ORGANS 


he Соче @ dioecious. The geqevative схава he i 
Fele orqada; the ne dion die qui Кыз көтү рабад! Sius. 
Wary 15 fee - е | 
al : р fakes (ас 
dae a е щмыс uu od Val, cas 
Tie gs охе formed. с eggs are lad ine [eie то thvee-lobed 
"i улі Й fe fash ost 4 fe ds & өү us Y | 
г 8 axe larae an and m coed. The secbn «C i5 glaqdu* 
anot Oviducls ак. alos) FR С а ас ле much yolk lax, while the Fermo! рох is muscular in ordex 
ей o«d wide УС FREER жа Poggi d fo {осе our the Shermafoxoa. 
Vum AF 
tte иза. mp edi the blew ng i fied anterior lobes ol 
ће. Proximal spring. ; 
M LI 
дд МЯ leg, 


йш on the Proximal 
Podomese. of thie last 


feo хасу hatched \ жө” 
Сауып, odd \\ 7 € 
a о eg goes M ` [eng case „рр 
moes. \ \\. К (| x D © | Walkidg leg. 
Éxopodif NN У) Cl Spermakozoan: Mal ep ductive element regaled 
на vl "d "c Dem E TON US adeo tie MS 
SPematophores. 


Endabodile 
GZ 
ex 
AENEA © 


N Ag - е molozoor 
A ff en 27 } Seek ok (fom aloove-) 
/ 0 i / 2 Mid ане а 
IH М К the ‘head. 
ON fics of Yung Саус md N 
2 к 


ы} жс cs 
Which е "NE efft curved. 


Фад fo te abdo ‘qal POSES. 
appendages of fhe mother. 


the Exexelory Or 


aswell) 
& base of each antenna, and 


хее, Parts :- Т 
Al tives. рае де Wied M aue ca m) (8) e vllt Portoa 
Te ода opens & Me tenor’ on the Proximal seame of Ke Alatenta. 


Ete of the organ 
unraveled. 


хь «IR | 
e S fre ; Yellowish сепа! 
ET v Mev fa led uxigar аселе 
[еей ы. hadai ee 
Stoas. a oi Á бо 5 № нари, G 
While Korkoa whose wals AP ER : divided talo 
Um qM Which — p BY Mi ae eoapastnels 
Saceule, axe, келеа ote Y $5) | 
: ponge- like (ее, of thus we соуйса) робо 
Duet whieh ex 
ines po ч E 


Consishs, of a qlaqd des 
tekwork of anastorting codes: 


фм. 


wask producís fo the exlenox and opes lo the 
eer са the Oroumal segment of the Akre . 


Astacus - Wee APPENDAGES (беро dolled _throushout ) 3; 


TUE 37 
Ay Endopoditt. J & 


dj 


ba Ж. + Endobodie | 


y Seeond Masillipede.. 


^ Г t к 
F я Я Ў. 
Coxopodile 


| y» af attachment fo 


body wall. biet 
lj Epipodile Kaum fo 
the body wall. 


/ (о. Frat Walkiag Leg. 
тие la ЗЫ Gill 
(kast segment 


d endopodite) 


5i ios Yan Badipodite, 


J/ Eulopodw ; орь ES) 
8 E ү - Epipodife 
QS Endopodie у) E Б ex 
«doped ii i = = | 
$ү\ттпех#ө pied Peapod ox 
Ў дә mae Swen E { 
= ee — s. 
W, П “n makt 


Organs, 


ian М») \ 
\ YEI à y the female, Yi 
NO] (AN еф he abbeq dage I рак Nee ial, A 
(рое АМС NU, i Ке ч gd «lax fo the #8 
AY //, Dol Seco. ode. figued. 
MNA Exopodik Kil i) A Rendang 34 A and 5f 
C de 3 pdk pars id female, modified for 
: : 0 Carty ig - 
“7 а ммм. 


/ 


se DISSECTION ОҒ — RANA TEMPORARIA 
(Мака! Surface) 
Arteries showa will? cross kaes 


Founcus arteriosus Exfernal jugular veir í 
^ Ves sh black 
Right ausicle Veas пошо 


Ventricle. 


Veataele : 
scies Fericasdial cavily 
heat s Gall- bladder 
: t lobe of Li 
Right lobe of Ler E] ч. body a 
Right ovary. Lett ovary 
bem I oviduct 
от 
Small ialesties. б : ени) 
Large iahesties WV Cut portion of muscular body wall wit? the 
Rectum 4 y Anterior abdominal beig 
md ир ak fe سے‎ S 


4% کک‎ 
| Left forelimb 


Furlker dissection lo expose бе у | 
interral_orgacs pons, 9 "fuacue arteriosus 
Left oviduct has jugul í E 1 

ii coo дб wey Есе‏ ا 


Gubclavion vein “a Left lobe of liver 


Anterior Ve Right PER, Hepalic veig 

verior Vena. = "рам al) EC ipea 
Ri опе „с чт | 1 
Right Lurg. Ses e Hepalo Danerealie 


Internal opening of fe. oviduct 
Right lobe of the Luer 


Stomach 
у Pancreas 


fat body A E NS Splee7 
foskerior Vera Cava ( postcaval) Mess SSS Duodenum. 
Right Kidney EN 


Muscular body wall 
Right ovary. 
figmentid ski 
. Dorsal Rora 
Right ас artery 
Right Regal Portal vew 
Right oviduel 
бада Hird limb 


cede ҮС С, 


RANA TEMPORARIA - VASCULAR SYSTEM AND HEART. 59. 
Arieries— cross-liged ^w Dissectiog lo show the Vascular Syst 
Ves — black e i WW left фит ый four dgl 
| х Extra jugular фа) Branches of fk, 


Anterior V&qa Caua 
(Pre caval) 


Innominde vtn 
Subelonad vta 


fümowary от сапүтд oxygtualsd 
blood {rom the luas fo бе left auricle 
Right auricle 


fight lung ас Lg lung 
Vente. — SRE "wi left аллее 


Cotliaco- mesentene dividing ialo 


Truas . 
arfenosus 

Subclaviad artery 

funcus arteriosus 


fa энда UN 7 => Cotliae lê stomach — aud 
ff« left o form : rA" ч Mesenteric lo bows) and splesg. 
ifr Dorsal Aorla y fem ы, СЫ fancrsae . 


pleeg. 


Anterior Abdomiaal—\ “У Says | Y. 
vic GN UNES x j VN SS ileum or Small 17105. 
Renal Potala аө. A FAL Ded cet үүн p as 
ig меу. [E E "ЛУМ; 2 Dorsal а Widing Ito tight and ler acs. 
> iS =. ш. 


{wo pehie vei NEE E. | o {тт Renal portal usin 
{uo рее veins -— 4 
Joigig lo form > ildbsd bladd 
Anterior Abdominal s 

Wi Z 


Large. miskas f~ 
or Colon ri 


Had lab wil; foc. 
webbed digils 7Z 


HEART. kal View Ligqual are Systemic arch Í antal оа. dividing 
uo. 


(роту offer 


Borvadaile) - Eat fulmocutarsous arch / у Opsring of fie 
Carolid arch. 5 “ Z Semi- lurar values Ж Кеке у= 
Gyelemie оге. боде eX us (second тош) in “ag 
fulmo- a ; E Veal баа Right Runde left Ruriele. 

‚ бей. ` X >< Ап ос vum fulmoculoneum 2 
Right Auxile: Wego Cu, MT A А 7 
"ani СЌесаоа ( Jiet Yow) Spiral falve. 

artenosus, | ш hick muscular wall Aluvieulo-venticular 

of tte verticle valves. 
\ ос lendinece 
Ventiel Columnæ caraeæ i 


(muscular projections) 
M.W.M.T. > 


4o RANA TEMPORARIA - ARTERIAL SYSTEM Ventral View. 


амаа) Cac a Lingual ary fo ff 
амаа «іо the Wega ded de 
palaisi artery fo roof aad : 
sides of fit buccal comfy Carolid ош 
(Cerebral artery fo ffi« braig Systemic arch 
Pulmo- cutaneou ck 
(мой atey J o-c 5 ar 


uloqeoue artery- subblyiag fis 
eng nd 
ventra! surfate. 

Qcaplal artery o side of head and jaws, 

Vertebral artery - lo the muscles of the Dody 

wall avd lo Ke spiral сога. 
= Subclauiace arte lo the 
shoulder ода forelimb 


/ \ Al оа li Carry 
А үс я беу, blood 5 the lung. 


С} 
LU 
A 


ки aA NN: V Yee `Y 


NN ( TES also comed oul 
| m the SKw ond mucus 
М, memo d the тоъ) 


2 


> Sy Lir and gall. bladder | Cozliac 


Hepatic artery lo the Branches of 
ч —Gastrie artery fo m arte. 


2 ‘Small Іова 


дн" 


V 


" Dorsal Rafa. giving off paired 
ЛЛАР body wall. 
hac охе, сша branches i 
ed ect ата е Sah wal, 
and (бет coahauiag dowa the leq 
ae the Scale. arteries. 


fo fe | 
^ instit 


HERRT. 


Three: chambered — Right ard left awicles and a single venlricle. 
Sinus Uecosus @файспад ће vinous (deorygecaled) blood from thie body opars ido ће right aurick, 
turcus arkriosus arises from the оа end of the uenkal surface on thie right side of іб ventrick. 


Iris reshogsible for the асиет of the arterial (oxygeraled) blood over the body. 
топасу arteries carry videt blood from the het fo the luags 3 э 


filmorary vers brng back the oxygeraled blood from the luags lo the left auricle Мам. 


RANA TEMPORARIA - VENOUS SYSTEM. 41 


External jugular vei | 
\птоттай Uti N 
Cubclaviag veig 


— vert riturav7g oxygedated blood 
left lung lo left auricle 
m left 


Right anterior Kera Cua. 
( бесаџаЇ) 


Sinus Veqoeude 


Орта of We Sius 


“и J rd n d У ч ^ Ventricle. 
unde. a 
"ed ES E vta of Liver 


12 Hemne foam. system formed by 
(7 (ay Hebdhe portal мн - consisting of 
| в) Gastine veig from ths stomach 
= Фасса] vere fom small aad 
Мм, laxat. «testae . 


` E (ii) qu from Me spleed. 


yb) Antenor abdominal vt«t, whieh 
А rings back the blood from Ihe. hird 
aad lmbe.Dusing lè course it receives 
; (сої отп from the bladder. 
(ii) Parietal veins from ventral body wall 
Gi) Cardiac иа from Me Wuncue 
arleriopus 


Reqal Portal фет 


Dorso-lumbar vein from Ihe 
muscles of fie dorsal body wall 


Right Kidney 


Juachon of @ | ard 
rig oh ^ pira ^^ 


Keaal poral vei. 
Femoral РИ > 
Ѕаокё фет 
ект Јод lie 
femoral aed seialic vete 


“The lwo pelvic veins 
joining ia бє mid: ventral 
lire lo 


Anterior abdomial ueia 


E ёш. {ло branches 
Henar- Dorel Мыс Жоанн, 


Pulmonary veia. | 
Lett i Wr "€ ide. 

PORTAL SYSTEMS к= : x b E em А Waat 

: A portal veia 16 one which, Left our A > a “у 
gaffieriag blood from capillaries, doce not qo X WE Уд “е 
dirselt, 1 the heart, but breaks up infe а Second Siue venosus — PA EE Y. Openiag of the 
set of capillaries it Some orgar or olier- 24, Liver (Part of dorsal wall .-- (Е. -\---- 537 УЧУ Sinus venosus 
From hae, these capillaries ада uade lo for a тето BA Ў ais Right Auvick 
Vaid ыд iut ees бє blood back lo the heart. Ventricle 

т hs way the и ; 
Real роба! veiw euppl«s te Kidneys, aad the Posterior Vena Cava of ffi 
Чоке. portal VE ее fe Liver. (келд!) Lo ane s 


42. RANA TEMPORARIA. VARIOUS SECTIONS OF THE BO 
И" 
Bshexior сод plexus 


tdula oblongala 
Exterqal Nares CN uis Yol 


lateral Кахф 
Mouth =. Central скі of fie 
Офо lobe Gloff ree 
Cexeoral Hemesphess Lavyax 
infundibulum = Lung 
ftuitary Body Ocsophaque 


Eustachian lube 


opining ato he pharynx Aqueduclis cerebri 


issection from the | 


д 
aqal огада displace i it fore and had ands d Ke qu ate cul loglud al 


ei lymph Siqus 


Kidnes 
Js Vara siena а 


roskyle. 
reler or Vas divers. 


ouf... X = 
Eustachian tube de x 


Ske >S oe Semwalie 
по fe pharynx SN и, ae < а Sparing of the zu ilo di. Cloaca. 
реч id-S Эх e € ZA F 


DVA Duodenum. 
{ Small енсе er Mura. 


he s a duct. 


Diagrammatic TKaasvetee Sechog — Кошу Ihe Head. 
after мех and Haswell. 


Medulla Oblongala choroid plexus. 


laby ci PN he MAL 
qus 329 Г) ar 
(= \ 


|| | LT LA Quad«alo - Jugal 


Lr. ST eme 


Annulus ерата 
mpatie | membroae. 


Едиб or Rudioq Пекче. 
M.w. M.T. 


RANA TEMPORARIA REPRODUCTIVE and EXCRETORY ORGANS 45. 


FEMALE (Ventral View? 
"Cv 


„Left fat body 
Posterior Хела cala (postcaval) 


Left ovary. alached fo fhe dorsal body wall 
by а ронса] fia - 


fe mesovariom 


Renal veins 


: À Adrenal body. 


Las € 2 PE dr oviduct, suspended ш the body cavi 
9 by a Peritoneal fold — Ie  mesormeteum. 


522» Owduck wif thick gelatinous wale. 


Right ureter opening 
оп fie, dorsal A 


wall of the |, Ше b ше Dorsal Aora 
cloaca ` v 7 left visae 
behind cm on ا‎ J 

fhe oviduels Gt ead 4 fe Rectum 


| $ MALE (Ventral View) 
Oviduels oper Stpaxalely ЧАШ 
lalo the dorsal wall of à 


40 Bilobed bladder opening 
aa ado the ventral ide 


Же cloaca, just opposite Є: E of te Cloaca. fat body 
fo the bladder шы, СЗ ; NL 
Cloacal aberlure: “Adreaal body 
Left kidney 
Lett lestis 


Aight estie attached fo 
fe dorsal body wall bya 
fold of pertoneum = 


he  mesorckum . 


Vasa ¢fferentia 
coanecliag the leche of 
cach Gide шй the inex 
ох median boder of є 

conespordiag Kids 


Urelex or Vas deferens 
(Urinogenital duct) opening от fie 
арс of lwo small papilae, info 
ie dorsal side of the cloaca 
oppose fo the openag of 

ke bladder. 


Mw. M.S. Cloacal aperture. 


Opening ido бє 
ventral side of the 
cloaca. 


44 RANA  TEMPORRRIR - CENTRAL NERVOUS SYSTEM. 
VEY: = a sunis =. pose fie Dorsal surface of the Braz 


Ya Nous ла 
: - sf aad од] of the Cranial 606. 


_Ofadlory пики. 
olfactory lobe. 


TA Cerebral hemispheres or 


cevebrurn 
Malameqcephalod 
facea salk 
Af А Орке lobes 
Ia iS ДЕ, f 5% (ө р Cerebellum 
\ о T" anda а 
N Ne ^S Ea, LP Medulla obloagalo. 


fou vence. 


Ventral surface te braa 


оу nerue fo (бе 
S membrane iaig Me 


nasal сагу. 


laf uxidiguluc: 


Horizontal Seclog of the бта Ос Б fen 
(from Boreadaile u four of he Six ay поло: 
4" беке (Kedrleac) N 


offer Weider she ier) fuas body 
‚ k i bli 
Lateral ventricles in d 


4-5 eaten qexut 
of бє. cerebrum " 


wr iuidee lO 
irn 
4ovepaxt of the head. 


ef of dake чм nece lo ent 
€x ата vectus Yeclus зр © 


foram tà d Muro 1 facial sewe nerve дка —— 7, 


a) falalive E band e b Yoof of 


cd Vantriele b) maig branel7 
horario r$ the hyoid, чене uS uy 
Cauilies of ie Орке, and lower jaw o Са fous 
ape xs "T SÉ Pug esee) nen acoushit) nee fo the i) magdibulax branch 
from 3 fo A^ membraqous laby ria ا‎ Te the fax fo lower jaw. 


үте of = 
Glossopharyngeal nexus. ا بے ا ت ت‎ 
а E EM €or ramus јотаіад te facial neue IO Vagus (pneurnagaslwe)nerve 
ard (ii) bosterior ramus fo mucous toil Hee Quiz numerous branches © 
of pharynx and longue Me muscles of the back, the 
larynx, heart, lugg acd stomaelz. 


ANA TEMPORARIA = NERVOUS SYSTEM AND SENSE ORGANS 45 
Nervous Oyster - Ventral Views = fhe Saal N : 
( hall, after Ecker Ongir of the Spinal Nerves in frog. 


Nasal soc «xal spice 
opia baat, 1 Olfactory nerve. e rool ~ асі 
of fie Mgema! T | Ophthalmic badr Dorsal vot qarngltog себто! Colume 
Cerebral hemispheres g Trigeminal Dorsal Draach Spral cord 
Eyeball (/ У V её Venlral branch- 
Yirigemiqal. | í 1 oof M 
um er УДУЙ СРИ 
їн Facial | y " 
= Hyormagdibulax 
broach. 


DY, E Cuosstaós lia Diagrarn Showing the 
da ZZ 0 
EZ актад attachment o muses 
SSS шаса m the Vertebral Eye (рані, Superior 
3 Ми Auditory afer Га ac oblique . 
Haswell) 3 


Ramus posterior SPR Pbducets le, ; i 

Gloseophasyageal AZ SNS (5 Glowopharyaged Á [eov oblique 
Branches of o = Negus - BON lera]. rectus 

i Vague À \ А орча! neve E ANS —Oplic, neve. 

| бый \ ado. « ¥: Suberior rectus 


AN zd ; Qr. ај 
(preumagastnie’ | is AR . : T a 
. aal reclus : 
Arae\tial NI Ramus Communicans 1 lefeox els 
| Nave Ss 
" 
Э 


sf раа neve 


—! о 


Sympathetic MZ ryt. “ A dk Nabe deck 
E n WE jagrammalie. secliog rough Iie Vertebrale Ge. 
| E E N ) [| of ё ш Felon cans Ciliary hocce. lds 
| SAN Lee E o D aped a 
ry ; : Vilyeous humour. К 
| À | l V flue тда E ое sg 5 Chori (black раче 
| yi DN оче, confiauous Vy, 7 99 N N Vds) R^ 
б oH E) ШҮ aan, Д a у. 
бакс пече. Rs ХУ М. clecolie (danse. 
Conjunctiva /ў EY fibrous issue) 
466 transpare Cia (| 9 
Conte Kura wi Ps besed 
quous ek rt ecole N N pS a i ч 
Akexios_hormbet ا‎ Ж 7/1 8 "à 3 
: а Wary flud- й М. У) . ro 
Diagram [o show fhe aqueous Huma / SY 4 e ара (oat 
Ydakónskip of fe Sympatttelic Solid raqspate lene bee om 
Nerve cord fo fft (More. convex ок (5 iney J 
раа) Nerves Suxface, Аала S | aps M Kosepatent 
У ч mag fe СПотої d confit 
(‘Partly аб Невен] and Соок) Т EGER da E RO pow pus 
«a o . 
spad_( Ж | Ratt Meal Car of Frog (ex Marshall) 
tod. N боео ШШЩ ЖАКО 
| PPR Semic 
Ramus commudicats шо! | gsm e 
Po ie E w € 
Newe erd i Ари. sa 5 ا‎ 
раар ; 2 Saceulus 
Vealval branch. du pen om mus Horizontal Six - citeulac 
fo the cochlea of grs 
higher Остаје ммм. 


46 RANA TEMPORARIA. SKELETON - GENERAL ARRANGEMENT 


Skeletor = dorsal view. Cartilagicous pade doled. 
Vo m Exteraal arial opentiag Skull- Ventral ES ‚сш 
is ЗФ sprene moid lateral паса SEB ГА. enana 
Maxilla EXER fronto- parietal ч opening SA. Nomex e 
. f C^ № s foramen, of е. E I рае ie 
Plexyqoid 4 \ a i 224 Cranial ef falakicre 
H | N 2 M \ Pralanges Nerves й {| , 
Quadralo - /A | \, 4 f Е & Й p 
Jugal M. d | 1 qoa BM TU _Graspkeroi 
Squamosal XC x Ze v \ We thacathals 6° 7 =ч HIS CZ [Y fretyqoid 
Rooke p 1 Carpals or сеча of v A ; E Ж 
Exoceipital del wrist bones 5° and Т ly e SY Quadialojua 
YF Vertebr adio ulaa. Байа Nerves 2 мес 
* Véxlebia or woul Y of 4d iof \ bi 
Atlas vertebra ков mis не Océgital condyle.. 
Transverse 
process s. 
Of Vertebva or 
Sacral Vertebra «C 
Urostyle ( 
lum. | 


The left kalf of the 
pectoral girdle = fie 
left forelimb and 


pi Quadrato jugal 
Y. Quadrale. 


/ ХА Mela tar sals Left is AT. 


"TE stevior : 
left Китае ace. / у Tarsal У faacll« Auditory capsule. 
xot showa, A ie / 26, eee эз ray Инг condyle. 
i lechioer ИХ Astragalus Skull- Side view (айе Gorradaile| 
j calcaneum . ., Frortlo- paxietal 
Spheaelfimoid рр о: 4 Коо 
| Хде Саит Да 
; Ext ial exe (ОЙК скіра) condyle. 
Shoulder Girdle or Fécloval Arch. 2 ч X d Pen 
(Мета view) Premaxilla > aS \ Aakevior comu of hyoid 
Scapula Жашы, у gerr “Шей ' ааа و‎ Quad jul 
Mentomeckslian ч; LP ied 
Supra- Dental 5 Badr 4 кы ase 
scapula Anqulo- splécial YT 
Skull - fosterior View (afer Borradaile) 
пот босо 
Prevygoid Sqamosal 


wadvato jugal 
Quadrale. 


His Ск Q i {охот Я ү bs 
ip dle ox (lue. Arek ох 9 and jo" хос, 
(Side view) Vertebroe, Cranial neues. 5и 


i Veste All 
Front oon > 5" Vertebra реа! Feezygapophysis f «e 
: ќо faci 
Neural arch. Dorsal view. Хаа рар Tod н А 


A N] facet q Orah > : 
EK Ons йыш spine ` اپو‎ 
CFD condyle. Diocese. 222 Aga pophwsis fea oww 


i ut wards 
Ше. of Vertebra or Sacrum Dorsal view. ont d eater поа, 


Ммм. Smal convexiiies (CEP уна e ӨЛҮ а. Һа; _ Nawal. spas. 

of (He cenw, whieh “ы а Transverse Process. Сепак { que 

aKeulafe wilh the ~ facet f+ ampkicocloue - (Concave. Neural canal, 
Concavilies of the uvoshyle. Й? Miu a froat , Concave behiad) Сека 


the. of the odno пај {iog = Rana h i М : 
dde EN membrane, од ATA 7 of көлү H5 COUTE inch фе 5 "x 


awells up considerably, forming the familar frog «ам 
the egg i дес а, the yolk beag aggregated at fe lower while Vegelable Pole. 


Ane seqmeatabion © Holoblaslie (complete) , but unequal. 
SEGMENTATION. 


m 
fiver MS: 
vertical f 

cleavage.’ 


RANA TEMPORARIA - FROG - LIFE HISTORY 47. 


of fhe a х 
GASTRULATION . Ре 
Gastulakiod by embaly ov iqvagiqation is 
impossible. because of the. lage size of the 


ok celle so tak in Me case, qaskulati E— | 

Me Жом lakes ‘place. iq wel he males 

Pigmented cello of fe arial Pale. gow over the larga white, cele of the vegetable pole, urfi {ically the laler axe 
Dlastopore , uh is (һм; by а mass of Yolk celis, 


Complelely covered will the ехо of a Cedex раем - fie 
Vade, surface of the tag К J GASTRULATION. 
Моќ sectiod of faa, 


Sowa He Xolatieq of 
Under surface showing Ода of Blasopoe- болай оо” 
Sum Fam Oo. Сеад: - 
4 > % Sethe aG, he tqq s OM fo begia ls 
) is % йай. Тока of the cescenkè 
aetopo«e. ait have met aq 
‚ So forming, the creular 
blastopore, which 15 plugged with 
Yolk. : 
“The Yolk calls axe Heavy, owing 
PL fo the amour of food they соч, 
КООШ: Де; Wil the veoult tak when hey xe 
ER pushed lo one side by fhe development 
0 


he entexoq and the  oblitera- 
foie di lue ыш Y -z SQ fe. бодсо ey 
bau. fw small Pir is tie 


cause the sg fo capsize. ох 
commencement of te Blask- - (осе ‚ Тр ovex trough 3 angle 
рохе. акі 


<--§ 


ng oj loo? 
v" endoderm 
lag the ateoa. 


J Below, sechoaD shows, бе, enteroa 

^ fret abpeariag ae a Эй d the уло 

the amal ond vegetable. PE. Ir 

£4 iqcxeages « length by fhe бааа of 
m fhe ebibake calls as еу gow cix the 


ovexqowth of the ectoderm cel 


d : s. 
Vertical seco of tag ч МУГ сл w махом of the Dasto- 
у aq ; 5 oe |i А 
Here the, ФК s wel 
pas с ао wie fhe basto- 


смеће has Drackeally disaphea- 


blaclocaele. dblitexated cw 3 s dede 
" MA v 
Y 7. Enkexod. соу) Taking Place Yapid- 
\itermediate «feq, te AES Dado- ly, and Ie d 
calle wick wil development ol DOM, Wwe ща Сота 4 
fon the future liek pushes the Yol tar s the 
Mesodes Wolk calls fo one Side Mm eu e Gê 


- Doskexov end of Te embryo. 
lls. ` Mesodexen. "EE! 


46 gana ee . FROG NL HISTORY 
Formation the : оа, N&yous f : ; 
ia KE te a eed anise - tre {оипайоп a wm Л pouches ae q Anphious , Duk by the бчдфгд 


Jope lps. Th cett wale imwads, beween the eclodem aqd endo 
Ж. a = Ww. M i ^ Yolk cells Ning Denga the ре Decome 
formed Delween the ectoderm acd endoderm, 


‚ Wloeked and coelo. | 
the formal he neal Adds is 
sun fe ee “hea, Prae g wine 
едай of, the embryo, aad Just Deyoqd the 
qon of the blastopor. 
the notochord is derelobiag as a ай 
wewg ftom fhe a жее alng the dor 
surface of fie eeoa. 


fj Hae fie neuxal Adds have met fo fom he nesal tube 
Which Yemaxs iq Commuqcatiog wih he blastopore and 
entexoq e "gano 9 ® (ехеліесіе. caqal. The goto chord 
oove. has со Yod. 
hee imig d the Codon ig раа ед, and the 
mesodermal Sonido have made their appeatonce. . 


Somalopleuse- 
Meso deur. К irri 
due ям 
M Londifudiqal eeclioq { eno at o similar slags. to that shows « f. 
Eridodexmis. Р 
орца cord. ЗИ 
Ет, Мм, Мааш. М braq ^ v * і $ 
Newextese. fms {pag J Fs shows the qual tube swellag antenoily fo for 


the Draig, the Мо cogatneliogs mark the (хее, Cere- 
g ; bral vesicles, whieh laler develop ilo th fore, mid, 
Blastopore_ © сагаа aqd hind как. “he nolochord terminals сано! 
û Ke goq of Me mid: Orak, and extends Dost- 

: waly as fox as the Neuere canal. 


5 OH 0 Съ; 3 
d OSI S " : 
foctodasun. OEE Rov fV ос section of the embryo, after бє 
Mesodesen ARR 590; ALLS \ | d Dlastopore Пав closed. 
: 7 2 RS М g| $ " . 
, Seer os : Еее Mid gut Spiaal cord. 
V Hee the blastopore has closed, and the eckodermal Кыыс ; 1 


sy 


Ш 
= ИШИП 


adowagrowt ftom the бта], [б form a mass, Whi 
latex separates ond forms the Pitutaxy body of fie adult. eal є 
. Te dowagrowth of fie $ndodex on ‘the ventral à e Dom outgrow 
side g the, entexon pn vetunqex of the (мех, Hind gul RE SESS I fore bra 
while ‘the divexticul eed лт fhe, авео. (Reelin). „БЭЗ оодоо. 
the thyroid originales as a ‘loagitudiadl groove fluo. € BROS Mllaikaxy 
ong We loot of he бохуосх. Р тарс grow, 
odong he We рач - D ЖО втоми 
CS Plc So робе eS rea (бш). 
Mesadexn AD rar үүт Rat rudiment. 
Liver vudiment. 


Oomes охе formed whee the mesoderm is aggregated into what are origaally melamexieally arranged droubs or soles. 
hese somes qwe wee. bo DAS poeni the vertebral co pa aqd he decus of a Pel 


Remang mesoderm Splis ifo [wo layers: Моде апека [o ectoderm and forming Wilt it the domato leuc. 
старын. 


Mesodern adhering fo dadan and mug wi f the 


Gomatotlere gues wee. fo:- body wall, оше coelomic epiticlum, gonads and Kidneys. 
Splagchinolewxe ques wise fo: the nex Coclomie ie, and wal of the alimentary canal. ЖЕМ 


q 


| 


| 


fhe ctomodatal хад) not мокет through, so thar 
from fie дбай дое eav 


E? К ‚ the Tadpole attaches dst by а 
Nee йы à íi hend ails ads <o. for about Twenty- fous hours 
Tadpole with елі aqile. A М laer the cixculax moul appears, as a result of Ме 


provided witht hony Mae, which axe 

ЧА foc жраң off тый. planlo, fron бока 

e dd é aq. Qeg ius peunod 
at 


ded With a lag caled alimentary canal 
y b ahe wih ke mow bulky food. 


ү, A E >>> Le The next stage shows 
| Hou vif А ; E EES Com 


wk 
аф, and fuses rea ith the dy "wal, екеу C Small ture on the 
side - namely We spiace. Wau entero by the moh, Passes dowr the pharynx 
wa бе qils, info the braachiol chamber formed by the opueulur адд ош by № фас. 


Devel t d the Ма limbs. 


‘he fadpole mereases vt ame, loses dé Rye, 
herbivorous habt, and becomes Card 
vorous. “he alimentary carol Sharks a 
and the had limbs make {це fiver Mod 
appearance as Knobs or limb, buds, af 
junchon of tie body and Vol, oq etie 


Mv 
SANE CT. 


CECCCEBSS 


(ALA GRIESE 
side of ft anus. hese одаје . нак 
and (he <xtremiies show for ‘ot МУ. 


3 
of the five digit, реа! of the adult lab. 


: Elbow of . » 
Development of te бое» feelin a w % Now the fne libs oke Aii appear oy 
Milo en picacle.. Борна ће Spiracle on the left side, 


karing the culu on the nahk side. 
d {ех Б dexelopmsat Ts ob- 
sud for Some lime by opetcula. 


Fore К wif aS 
{ох digi. —>* 


Melamorptiosis About three montis, after 
salon, when fhe development of the 
ous limbs i well eatabliched, the. tad- 

le comes o the surface of the waler 
periadically fo fil ifs lage wifi ai, so 
Маг af бё dage К breaties 
by бе gills aud. partly by the lunge. 


interaal achon fhe 
ocytes of the blood. 
Ke disappearance ie 
Ke касо Мо 
metamorphosis i$ Com- 


Ф loks the al 5 absorbed by ће 


fiqaily’, the alls wither ‘away, and Are head now 
fhe opeceuluat Фаро j ae Teen, 
e CAREERS E d MUR aud. Mone bing, 
voq- eK ail, WH \ i 
iets fot p AL ter while the moult 


wideqs, and the body 


КИ qows less Youd. 
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Honeycomb Cells 
1 EGGS Small бал ий, tags ox lad, sody m the waxeells of the Honey camila -— : 
© 


2. LARVA. р ae 


‚ Show Slight vaxigkiod, accord: 
х ac as cradles ҷо fhe develob- d 


Drone. luyag are larger and ERZE hc 
ose wluek Собаку Worker larvae. CI X fis. Quan lana 


Those wick are destined b become Queens, reeewe special atention 
and Фе, while the Calls Contaniag-‘hem ate enlarged опа alfexed , So 
as b fom the wegulaty oval callin Which the Queen completes her 


developmen; 7 
бе ead of the season. Delove the Hiberaalod of the Queen and 
hex Workers, the M Kill off al the pelo Ba, Wovkes ad f duse == 
Sill COS a рн poe bg € ا‎ 4 at 
waa the Honey harvest the Worker atches ia s. an | 
faa 5 pn Decomes а full E mU Wf Head acd tiir- 
e «©. 


(ЗЕТ 
Ken segments. Dug ths феод if та sev The cell of буа (5 Мец covered Dya convey 
Cap, whick is a Porous mase, emed тот à тух of Pollen aad wax. А lawa net secretes a silk ‘fread, 
and makes an imperfect cocoon. Ht the end of another 2 да it «s. Affe 8 days Nubaking , the Imago 


emages. (Through the pupal covering o fhe Pupa, The «ету wes d the mature Bet may be seen’) 


Д. IMAGO. he fes. iadividuals constituting fe Clony axe:- 
Queen (felie Female); Drone (fertile male), Worker ( sterile Kale). 
the Queen is the supreme individual of the Bee commun 
As vidual io The Workex her abdomen is longer aad her wags shorter. She caries o 
M basket, and hex sag (e uadatbed , so hat f may be wifidrawn from The vielen, wilt - 
injury fo herself. he sting is only used agaist anofter oe may Prove. fo be а тма]. 
їр hex Ke she е fed upon Partially digested food , Provided and Pre- 
Pared by the Workers, Who are a constaat attendance” 
Her sok Wark ie EN laying, which she does at a vale of one thousand Per doy. 
. Only aff the ш The reigning Queen, Wha leads Tie fiver “swara, 
5 he young Queeq (oldest “praeess `) allowed fo emerge trom hex cell, ла Which Process 
she is helped Dy Me Workers. 


lale, one Sue mora, ste emerges fo Take her Nuptal Даке. She soars, high, 
а тш иде of Drones following hex. Finally, one succeeds п тайа Wilh her, only fo die 
immedialely as a resul of the “Duet perad of sexual ита. 


he. Queen then 1 иссе wift a sore of spermatozoa, from whick lo draw shems, lo 
gnable her fo Гей he for at least Thee Yeas. ,. AN 
Hex only o we from the Hive i$ ab Te fine of Swarming. Ms happens dux«q 

fe morning af one. warm May оз June. day. The Hie having Decame overcrowded Ms Queen 
emexaes, accompanied by a. swasm of Workers, fo fake up hex abade. ewkese. ц а aes. already selected 
and ptepared b Seouls (advaace quard of Workers). | 
Should Me Hive still be overcrowded, hea’ suceegsov who as just emexged fron hex cell will kad a second swara. 
& emerqeace of the new Quee, and the nursiag of fie Drone and Worker lavac is aceomblished by the 
Е ў amy of Workers who Teman Oead. — | 
Hilberqation At te end of the season, the reigning Queen Кеа util The following рид. 


The Drone develops from aa unfertiliced eaa, and ia buld is bigaex and broader than +6 
Quen ox Warkex. Яб roose 1S short and {eeble , while ls Daske and shag охе adsert 

In the average, Uwe Community, there 16 one Drone fo every © or Ө Workers. 

ey emexge. ia The Sun occasionally, spend much of fie Time. (а skep. 

part fram fie Vigorous affemple they make. fo йе. а, Queeq , they do nok Per- 
бут any Work a the Genexal Service of the. Hive. Maan 3 

& Drone. Which does succeed in mali wilt the female dics ооу 
Drones, like he Queen, саң ony файак& af раа du food, an for 
the Provision and, Preparation af this, they are Фар da the Workers 


the end of th eek ht di E 
Warkers, only j4 S 7 ie ae "ама, svea Wom The Wwe Oy 


Those. Which emad Wit The Hive are Dien (o death by the Workers 
As а result, по Drone survives he Wider, ммм 


М 5 


Tue ure HISTORY OF THE HIVE - APIS MELLIFiCA 1. St 
WORKER Each mic head. f ond H als бово 
--- FA 


пирон „эы 
м pes 

free! к= ad = 
a er Communi +" Delncen 
Bee, мите, ће n Кт Rollows over " 


« as Doth Ооо and 
= oS tuch 
[сту ( = Е lip and Maxillac) 
show сй фы. з 


ied b. Hi paral, 
is = Te Канада "ge polea ( ties) 
he Korax consiste of Tues segments fused 


wifi he Де abdomy 


|. 
а д 3H 
surface of The Tiree nes, Amiens Dele. tee 


i he l ње,‏ اک 
amaaa in Wo and fw mo cays‏ 
wih a small pad betweea Men. awe‏ 

Bee fo climb aad cliag fev, while fie sticky secretion 
44 LN vie — a ciet 5 Walk over very Slippery 


wd bor 
ye “addition fo th st ule fe ey Possess charaches he 
ANES e обара ces aoe beste unctions associated with 


есй. 
fief leq. has a Siak aa M ond ed Wilt hais, and Known as tie 
mb, which deans Ihe Pollen фот fhe hars of ankanag, 
sd ead. and ha. ee osis. deed t a. 
Cod Leg, 0$5€55«2 a So лад“ 
| hye from the Pollen | "t „and for p S Sa fie Wage. 
fd leg. beaxe a‘pollea_boskel’ од op bo a “te ака бше 


fhe Poll о collect 
wees. de t polen From the Ree E ќе згу pA 
basket of the oppose Sde. 


the Abdomen consiels q {i five dicinquistable. segments, and a (6 tip arsa babed Ф 


Th the бе iat ш йы. fie te 
Де it {е fad S йй SR к juce Worker, af 


T % КУГ ар. ond барла pi in the А On the one tie ae oe 

Yequegitated for Зее. К hua the cals as бнр ы des "De рө digetly as food by the "ыо 

Оно, m the уф, Th ox Droas. 

the poles is dug pit of Оны 3 and placed «бо Cells, where ib ie kneaded wit a litle Honey 
хоо, 


«lo x 
he Young Wor kere secrete wax, Which ocews as оз doux hass of wax scales on the uadex 


quies 0 «n from wich Tel gradually еар. Ком fle Seqnedis. 


olds Ка hollow ou ond mould tie Wor. 
e. Net € Worker hatched a Me Summer 15 Usual from 4 ^ 6 Weeks, during 
fine they Perform a sexies of (asks w orderly Suecesaiog. 
ч? i) Whee they fivet_emexge, they Clean aoe S, and aken "ron older lavas , Providiag 


ang db tie Antennas, 
ae and босо. 


ме bask e. м 
eate Wi. Pollen. бул 
Bush which ву ре 


fe Pollen from the, М 
hare of thee body me | 4 


Te Wacker of thie opposte f em wif. polea aad 
(2) When to days 54; fiey Care. is "M Very young larvae. T isad sig Tem foa о 
belive Mud Seereled. by ^Kerselves . 


(S|Whea Wr days old, fie: " ic few ntie oeral Senes of the Hive. ‚ Cleanag away all ‘use, де хад aad еу 
Ў u^ M bu velita the Wwe NM rapid movement of their кү дї ОЛ the tne 
(A) When 2t доче ald. they TEAN n Trial due. and oct 0% veh ak the eatey fo tHe Hive prevedting the enfe, of fuder, 
(5) the TU j thew wes 16 pet i ia Collecting Pollen add Hones 
Hibertalion. At the. end of the Seasod any remaing Wockes a the de sugde baefe around tie Queen tie Head 
me undexneatr Me Aodonen of anotkex, in much the Same War astiles covex a te hey Deaf their Wage {= vent’ 
\akiore, dud fal: an ‘he е wife, Me els, Passing V i Fon one (о atie. 
“he Queed “Degas да layiag «а February, dad by Apr, te Me of the Аке 6 once адаа Wt Aull swag, TT 


м 


Red 
Corbusele, 
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Ww Glanulax mass - n " Nuckus , the protoplasm of which ts Specialised, n that t 
Xs nd cell 2 out t We. 

297 a wider meaning, Saee it can be applied [6 every protoplasmic unit 
wiefie or EE Ek a cel wall 


(, the ed є Laud k al (Fs multiqueleate _ 
the baag at абага. pacer a Coena Я wourucleale; when several are presen multidueleale 


ie qa T CN 9 cals ehea а шг ода Duomo. ink у пой fo (хө fic Same fuackioa, 


fas. gs мї & à mui mass of Aotoblasm Dounded bya membrane. and соза wife Is substance 


m, ls med а Tissue’. g q 
Qraaq e hel by tie desumulajion W i m K de ا‎ n harmony Wik each oler 
and NL. under the died Idec Conio NOUS system. 


{gaa rated cel З ( 
Моде Pus Weren ACE b Tes а ее ось e 4 үл calls 
hg 


yi i. OK aoud non- living and ` ier substances Tr however hla 
impor act part in The ite of the Ты as a whole. ©.0 Mater о cartilage Ray 


1. BLOOD. God, 1 og of fe l p | Eee of the body, ыар. beng, 1 offe 


Є aad INVERTEBRATE blood both siwe produ duce of of ша 
abour the bady. e. 3 ree $xexla, le, 
The ied Colouxia Gis haa ът ge ч шуыша, vett Dus. od mes чот, bal in the Vestebvale it 6 
«©, Whi edum = namsW Plasma. 
E addition, ae puecles , ра ae © Же: While Coxbuseles ox re which ia he 
animal охе ds эби Т 


б Haemoale в gt os ا‎ al k combines Witt the O form an unstable com- 
Pound- namely Oxy haemaalobi mn sti Mor. 0 Кеи, Ya n pound К iy up 5 oxygen fo fen, 
wide the Сафо = E 5 0060 elen ia the Process jek 


he W е а es i от em $ we жш p most ess NI ic Wilkin er iidividudl however, 


the and behavioux. As o rule, totoplas evenly quand d cababl d moverent 
te 5 Ne a a C Б “always реет likewise difas in © р es ane алаң, One! сарое of amoeboid amoeba’ coc 


ue nog рода while a ac iz асосу, since they dre responsible а Ihe 
боба aig ganed sniance into he 2 Seam would cherie, 3d up di 
The меса of H өреп wound by such Badena frequenlly results (а Septicaemia 


MAMMALIAN BLOOD AMPHIBIAN BLOOD. ед. FROG. 
The Red Covpuacles охе characlenslé in that The Corpuscles ase oval, and measure about 
they охе токай and non- uckaled, and ase 20. x l&a. “The Presence ; of the large deeply y Stating 
Yelafively Small е Е = 8-51 diameter, tucleus 6 responsible for the Dicoqvexity of 
(A= merad = m, cor Queele . 
My axe biconcave. Blood of Коо. 
pier d n che d 926. К шї аме. Red Cospuscle 
ATO, 
фа m pi etg Surface’ «тезрек with nucleus 
Ral m E 4 (авось о 
four — agar xf eoe tee) i 
Peculiar fo Manet Comte) " t e been raha fo te ucts 
drona Tom e organism. of ouf Goo: 1, 
Human blood. 
бсо сауу of 
of the ee Rus. 


Gide View of Coxpuscles 
| Showing tie bicoavenily 


Owing, S he. presence 


of the nucleus eus. 


MW. 4. 


witht fuccus 
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2 EPITHELIAL TíeeuE An ghithelium ie a laye which à | 
Nu) EXEC S rz acm м А Е any Spates (e.g 
Ў flum of more. cand ie ф calls. 
a) Simple ерй. (0) Squamous ot pavemeat ehiffielwen. 


lodlated celle from fte. mou Cad skin ф Newt (ошаса view) 


the рер © лае) ашлы, 
while the mucki оке lane and (уй. 


^ — Owax lissue lines the blood 
| vessels and fhe Coelom. 


(і) Columdox epithelium. 
ташты ebittelwm Arom {fe 
oae ТЫ Wis qe. ; his type сей lines the йш pat 
of the “Alimentary canal. 
Im US xd Ue elon ded cele stand side by 
Д Side on We t tane, and 
axe, Closely. 


el. 
he nuclei ae laxge and sain deeply. 
(ii) Clafed «бет, 
(hee cel, have” fe коз sa angel de {че edge away fiom the 
c е mou 


з koue © found n he т of Frog, where f causes е. 
mucus of бе moult fo flow бока бє aesopttaqus, зо facilitating te 


кас swallowing. ^ : 
P T the Cha axe. pone fa the 
\ 


к ќе 


Kachea ; wacd сае 
mucus Dy whieh {еда тах, likely о pass (о the lungs, ded. 4 


ре = шә; SCO 


b) ев epittieliong «v Саед «рот. 
Epidermis Aron the skin of бод. нее ой — the skin. 
FSO ҮА wes pel в on the ‘pas e piune d - Te бү cells axe the largest 
and Dosess ше. "est cels ое y dividing, and So Que Y 
fo Superficial Apu сои е p^ — P — to ма. 
э a 
constar D a d kle Wee Bas te е by Wes Xeeuded front the 


Q 

S0000 

un ш T. ү tie epidermis 
X7 7 22 XE = К 
- he li «5 in their Dowex lo secete substances, which ож. 
5. GLANDULAR TOGUE - fe impor tones. d these cells, oe ele bey тег ) Substance 
| eski Mammals. These Qol cells охе responsible for the 
wax! ca Садак Cell. ut d d which 6 ыл эе for the lone d of x Ali- 
1 3 Mucus occurs Wili Ме Cels as granules 


ЧЛ Ос a lu 

in 0 Fe Lowest layer ov the ман «aq layer 

on a eii de fesse axe alaled cele intermingled with columnar cells which hae 
Med ET whieh when discharged forms, 


ће mucus. ha Омо [o the epitelial (ааа the дате. Mucus membrant. 


‘ ‚ th in te cell — 
«co nen net See te tne’ al Ca” е 


SA HISTOLOGY = CELLULAR STRUCTURE OF ANIMAL SSUES. 
GLANDULAR _1Ф0Е.. (contiqued) 


celle охе grouped qeli ia sucha 
Secon ا‎ Dog. way Мо йек secteled products con be poured lo a Yeespfacle , whieh opens 
i $c p (& fg exfe«ox 0 m 


siage шошо duet. ee 
Glands of ‘this Qi he. Re wal o Te large еее, f Mammals. 


Git B B 3 Sechion of the small laesae af Cot showing 
calle —35 J| Modification d the simple touar oand ound 7 NN 
sag (ES J Ne im Me wal of the sma me ammals. ALS 
Mucus. f д j Projecting lo the lumen d The gut’ arc fager- 
ay E j [Ke Processes ox V, whick foma veivet- AGE 1 Columnas cells. 
Columnas 5 1 мы LJ lie. pile lianag Me canal. ў Wi = Connective 
те: | kaeh ‘villus is covered wilh Columaar efitfielivm E COMME ези. 
ip SS and is reshoasidle for the арз рот of к=) |= ` Сч of 
O М 3 digested . ood trom te Smal Infesta. SNES Lieberküha 
ES S ‘he Sipe fouar glands, which in fi SWS (слеће 
I Sie ж case axe stucled beween Me Vll axe lined SS Хоу 
0, «0 SE S Wi Columaax and до0е calle, and охе, : ра Quand) 
CON MANY Kony as Wi, Ср d Шей КИП. the (e 
=== - B Conneckwe Tissue latex ste mutus. = ens 
RUD ER a Е 
(ii) Simple Saeeulax dond. i Š Goblet 
hese flask-s Glands ia бе Skid & frog are di мо Kitde:- le с. 
0) = д) Kaqulox Doisog gland, СУ 
, (2) fie Smalley Slime gland. 3 
Зао of the skin of Frog. Each соба of a sound basal Portion or, = 
] EET ER EIQGI rere dus „and the duck. “he wadus © = 2 
EP ( ELE ED БЕК БӘ wed Wi Glandulax cells, and s these - { A 
Seine REESE SERERE СОО x otv once for tie secretion, while A 
ЖО ea TE EUN. e duck Ozing won- glacdular, Sues = 
ANS есе p RS BES Wy fo p te Products of tie fundus SL S 
/ 2 ie ШАМ Чы We A > Жүкө” lenses we c = 
/^ WW LT S ISS 2 west row (or the Malpiahiag layer 9 ] 
^ MP Nds of the edes | Ме V snake ves. 


" Rat, ls. - 

me Quand Secieliag Mucus. 
kande q Vextical fors ia the 
аясы. cA k (i) Compound ubulax glaad. 

4. (eor. qaad (wale Seeretiod Gecko Stomach Doa. 
Wh Wit easar fide) Y Section of Stomach of Dog. 
ХЕ Blin ane (ее UA W he fundus ox 


2 P 
INY RS ed) SecseYow Aart о 
| ese glands T 
h \ 
Hit a chef ох henke cells - . 
est A ы, 


\ and охе Granulax 00 
è i cells; whieh le foward, 


Ж 


VUA) 
CER 


> 


ge 


(ч) Kacemose. glaad. 
Гладко of a Racemose alead. 


S 


22) 


Г 
Ў 
D» 


Ж: CE BD Ne GU fe outside of The qla 
mp, уш Рае modification ; у N By ES EXON E wal | of 4 

: ў е compound fwhwlay gland, ЖОЕ FMC INS SNO and | 
Маа dad : WW which gach Branch is dui SORRY ESI ON b) cleax Cubical oxyde. 
a eios qr edt 9 50509 WE ds ЧЗ saek 


УУ» baee acid. , . 
OY he latex [^ essealia 
Decauss, Pepsiq wil 

y ort X « oq 
W tm acid medium. 


| fo de AWeali, whexe they occur 
> oS group's o Rei. 


Me seerelicn of such is Housed 

ido [A AE ТАЗ) ond 

| [аду io the man бие which 

мей и p è terior, x. - 
EN i 

"EVO кл AA Neali охе Vety numerous , os in The Ranereas an 


$ оҳе bound toachex by conneckwe Tissue (Well 
Supplied wif. nenes бай Dood Vessels) o for ao e 


CH Bx 
En 
ER 
$ 


: очеве sechon d the бв. 
Conmichive (ече. 


Ммм 
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A CONNECTIVE TISSUE - hia ie responsible. 
a) 


india fc d various bale cq Mecertaxy, Areclax езше ох 
b) suppor of ony одод. eq, Skeletal раб. : ^ 
(i) Cartilage. 


Living Cells... Соц. ‚Майк Oe tgs Knot 0 Mis tissue сое | thie, whole bast 
uM pL: NC. of the s Поза уе Н SETS. soe Past of thi ar of Frog, 


A бм reste сың, conic Д \ duos, Xo ud ight E consists 
(Ом ug or ux, n axé Smal bii ax 
Cavities Conaing cells. oe laf axe Фе SONY , (4 
Pas, or rein oux: 
themedlves охе living and throught out ех «хес. 
ох са ар d dividiag , and by “trix Secretory Power, are able fo 


Produce new айк 
A NS оць wher fully сюн divide io, Kwo, and 
toon no four. Tese fow, oy further Aormation of айу - dxourtd 
fe RAN eo paale. ftom each ofer Compl. fei growl and then agai 
\ 


Hence the (цехедое û the bulk of coxtilaag, 
Thue ae no Passages belween the, cels, Go thal any Nansference 
of Substance & by diusion Коши ‘the табх. 


ia a d dim. coljlaae 6 depeadegt upon th pegaga TM 
d 3 i x Г ST x “lis " ا‎ e d | Lae Rocce бй he a iia, yeh ES ax, 
xu 


whieh (ous Skelefon is Mus sede 


Elastic Cartilage. Running. Жош. ie De e X о ES esf Ties which, iis e d se 


axle iy к eek i Меке. e-q. Outex Rar a 


bxo- Cartilage M olx h due lo the bres dm rielastic fib 

LE es | dues & d Mig. свраб “3 oe Чч {колдоо шаба. Diese gh E 
tt a und Dewe the Finn A ET E gf joints , an мее We. Cena of the 
үеќехоє., маек c Ore Pals supe fo 9 Bieesure. 


(и Bore. 

s the Зд d hardness d fus [issus is due (о the fack that the s bstages i А 
imbeanated wil Worgane Salle. “he akg Y Ec q fs mafi к, which бе ы Calls axe req al 
охота About one. ЧТ! fhe matrix созде ofa simlax organie $ ба fo fal of a age, 
Wile € TMOG Ro- tide 6 of an iqorgame Чайше Confording 5016 ~ te most ‘prevalen! 


of which 5 Calewrm hos 


Tokens чай бы, Aansvexee. sekin of Bone shows а Sues оо Known as aversion 
ا‎ ame, tach wih a central ne Canal. Within canal 
Yun fhe Dood vessels, nevea, а уар © зар 


Qe Bas Concent ац. аңоады ог Я. io smal Basse o oy, | 
SN ; Гаете, while The ‘concen £ v d b bone. 
W ҮП em Охе, the Done Lamas. 
а, Running oud “ае. охе the Са uy 
22 м) “all a ij; пани ch cnt Po xc 
idm E = whic! "е weet the Laeanae of ane t those 
ААС af the adjacent wag, зо forming a, means o of Communi - 
SK \ ХА сакоа between the livind Cs of the Laeunas- . 


fe боле calls or Corduscles are à fo he 


Cano 
МУ se a Каер Systems de nat fenes feed 
; К NY 207 bot branch So that fee is an ade dis Mon 
am eam akg bae c gae vessels ond К ‚ Hrouqhouk 


T A ЛУР ОРЕ Haversiad canal. 
me fi Haversiat System. 


Мм-м. 


Д 
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5. MUSCULAR 


{SSUE. - much d wach ecto} ti lo which 
"А diei S eee fec fn. ашыш. ol Muta © 


(n © ,9fated от Малах 
(i) Undtwded , unshiated ox қыла 
(it) Cad 


Gi) Shed, које or уйыфшү muscle consists of tongaled bundles of Fires. 


te Epimysiun ч. ^ оз " есче. Mint. : Соид the muscle, 
ded Wit a similar covenng namely the 


kach fascie % ely fie. 
ganju, Wie fe lores wifun are Hound by membranes! forming 
^ А 


Odessa the Dundles tur a nelwok of neves and blood vessels 


The fio оласе аі, sl c ر‎ 
SE eee 

or issue, while 
m in С \ 


the More arded <y ich there io n 
da ate ‘ate cels. Emo а о соепосу е" 


дере 

Oe ls wet 

сое {fie 
адде. 


СЫ? 


Wi) Casdvae musde. б 
pis oe Ii ME le) prm musde. wasaha лаан ge in ft tis d 
М Iu and 1 ~ W (t 
Cardiac muscle of Frog. Fog eid "he n 7 uS, I e ay oxy musde, 
n ү | / bas ed iw Де cardiac musek of fog are Фе. 


i 
u 


Ned ia fo some authorities , cardiac musde ia Mon 
is composed of Square ended Саде. Ке calle, cach 
coraiing, а падка, and ovg а av seen 
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Succulents, 26 

Sweet Pea (pollination of), 3 

Symbiosis, 9 


» ” » 


» » » 
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